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Analog Module includes: 
* complete control over all component values 
e ideal and real-world models for active 


components 

e resistors, Capacitors, inductors, transformers, 
relays, diodes, Zener diodes, LEDs, BJTs, 
opamps, bulbs, fuses, JFETs, and MOSFETs 

e manual, time-delay, voltage-controlled and 
current-controlled switches 

«independent, voltage-controlled and current- 
controlled sources 

e multimeter 

* function generator (1 Hz to 1 GHz) 

* dual-trace oscilloscope (1 Hz to 1 GHz) 

* Bode plotter (1 mHz to 10 GHz) 

* SPICE simulation of transient and steady-state 
response 
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Digital Module includes: 


* fast simulation of ideal components 

* AND, OR, XOR, NOT, NAND and NOR gates 

* RS, JK and D flip-flops 

* LED probes, half-adders, switches and seven- 
segment displays 

e word generator (16 eight-bit words) 

* logic analyzer (eight-channel) 

* logic converter (converts among gates, truth 
table and Boolean representations) 


Verify Circuits. Fast. 





Electronics Workbench. 
NEW Version 3 


Complement Your Test Bench 


Here's why Electronics Workbench belongs on your test bench: 
Wires route themselves. Connections are always perfect. And the 
simulated components and test instruments work just like the real 
thing. The instruments are indestructible and the parts bin holds 
an unlimited supply of each component. The result: thousands of 
electronics professionals and hobbyists save precious time and 
money. Over 90% would recommend it to their friends and 
colleagues. Electronics Workbench: the ideal, affordable tool to 
design and verify your analog and digital circuits before you 
breadboard. 


And now the best is even better - Electronics Workbench 
Version 3.0 is here. It simulates more and bigger circuits, and 
sets the standard for ease of use. Guaranteed! 


«$9 Features in Version 3 


e new components include JFETs, MOSFETs, 
voltage-controlled and current-controlled sources 
and manual, time-delay, voltage-controlled and 
current-controlled switches 

e real-world models for opamps, BJTs, JFETs, 
MOSFETs and diodes - over 100 models available 

* MS-DOS version now supports up to 16 MB of 
RAM for simulation of bigger circuits 

e new Microsoft" Windows version available 

* technical support now also available on 
CompuServe“ 
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Just £199! 
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Electronics Workbench: 


The electronics lab in a computer” 


Call: (0203) 233216 = 


ROBINSON MARSHALL (EUROPE) LTD 

Nadella Building, Progress Close, Leofric Business Park 
Coventry, England CV3 2TF. Fax: (0203) 233 210 
*30-day money-back guarantee. 


Shipping charges — UK £4.99. All prices are plus V.A.T. 
All trademarks are the property of their respective owners. 





INTERACTIVE 


In next month’s issue 
50+ small construction 
projects 

plus 
A new 4-part course: 
PIC programming 
General purpose IR 
volume control 
Car battery monitor 
IR controlled switch 
Solid-state temperature 
sensor 
MIDI volume pedal (1) 
Electric charge meter 
Resettable fuse for 
caravans 
and more for your 


CONTENTS 


BOOK CREDIT VOUCHER. On Page 73 we publish the last 
voucher that will entitle the holder to up to 30% discount on the 
purchase price of any Elektor Electronics book. 


APPLICATION NOTE 
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RC UTR filters 

By H. Kroeze 

Heat sinks: how and when to use them 
By our Technical Staff 
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PROJECT: RS485 interface 

Design by W. Hacklănder 

COURSE: 80C535 hardware/assembler — Part 4 
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PROJECT: Intelligent EPROM eraser 

Design n A. Rietjens 


continued interest 


Fuel consumption meter — p. 14 


PROJ ECT: Fuel ausu OQ meter 
Design by F. Ebert 
Front cover COURSE: Figuring it out — Part 17: All change! 


The popular 80C535 single- 
board computer we 
published a few months ago 
has a powerful microcon- 
troller and can be used for a 
multitude of control 
applications. The extension 
card described on page 8 
gives the $0535 a number 
of new interfaces mainly 


By Owen Bishop 
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EASY-PC, Schematic and PCB CAD 






















Over 18,000 Installations BRITISH - 
in 80 Countries World-wide! DESIGN 















286/ 386/ 486 with _ AWARD ` 
Hercules, CGA, EGA 1989 
or VGA display and a 


|| many DOS emulations. || 
e Design:- Single sided, 
Double sided and 
Multi-layer (8) boards. 

e Provides full Surface 
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Mount support. 

e Standard output 
includes Dot Matrix / 
Laser / Ink-jet Printer, 
Pen Plotter, Photo- 
plotter and N.C. Drill. 

e Tech Support - free. 

e Superbly easy to use. 
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~ Options:-500 piece Surface Mount Symbo Library £48, 
1000 piece Symbol Library £38, Gerber Import facility £98. 


Electronic Designs Right First Time? 
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Affordable Electronics CAD 

















id - " EASY-PC: Entry level PCB and . $195.00 £98.00 
Schematic CAD. | | 
! EASY-PC Professional: Schematic ' $375.00 | £195.00 


Capture and PCB CAD. Links directly ` 
to ANALYSER Ill and PULSAR. 


| PULSAR: Digitai Circuit Simulator ` . $195.00 . £98.00 
- 1500 gate capacity. | | 
| PULSAR Professional: Digital Circuit ' $375.00 £195.00 
Simulator | 
ARI ~ 50,000 gate capacity. | | 
= : ANALYSER III: Linear Analogue Circuit ` $195.00 ^ £98.00 
Simulator | | 























































~ 130 node capability 


Mat RI Í e | ANALYSER III Professional: Linear |. $375.00 £195.00 


Analogue Circuit Simulator 
C And PCB Design 
a E.) PAN ai | | We operate a no penalty upgrade policy. You can D i US$ prices E UKE prices 
upgrade at any time to the professional version ofa | include Post : exclude P&P 
Prices from UK£195 / US$375  "emisrtormeameremee impres sand Packing. am ` 
Number One Systems 


e TECHNICAL SUPPORT FREE FOR LIFE 

le PROGRAMS NOT COPY PROTECTED. 

e SPECIAL PRICES FOR EDUCATION. 
UK/EEC: Ref. EK, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR. 


Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778 
USA: Ref. EK, 1795 Granger Avenue, Los Altos, CA 94024 
Telephone/Fax: (415) 968 9306 
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' Z-MATCH for Windows: NEW Windows ! $475.00 | £245.00 
| based Smith-Chart program | 
for RF Engineers . 
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ELECTRONICS SCENE 


NEW TELEPHONE SERVICE FROM 
ENERGIS 

In the UK's liberalised telecommnications 
environment, opportunities exist for those 
able to provide innovative services cost- 
effectively, a situation that has evolved 
since Mercury Communications was set 
up. As Mercury has grown to become a 
successful company over the past ten 
years, ithas provided a spur to BT (British 
Telecom), especially with regard to busi- 
ness services, to the ultimate benefit of 
users throughout the country. 

Recently, anew company, Energis!, has 
received a full licence to operate telecom- 
munications services throughout the UK. 
The company is owned by the National Grid 
Company PLC (NGC), in turn owned by the 
12 regional electricity distribution com- 
panies in England and Wales. The power 
network of its parent company already 
consists of 7000 km of overhead power- 
lines and 600 km of underground ducts 
that can be used by Energis as the back- 
bone upon which to build the network. 

Whereas Mercury had to build its net- 
work from the ground up, Energis is able 
to take advantage of an existing high qual- 
ity infrastructure. Thus it can be seen that 
the company is ideally placed to build up 
its telecommunications network. 

The National Grid’s 400-kV power net- 
work is managed from a national control 
centre which is as advanced as any in the 
world as, after all, continuity of electric- 
ity supply is of vital national importance. 

The NGC network is linked to the twelve 
Regional Electricity Companies (RECs) 
and to Scottish Power. Through their own- 
ership of wayleaves (the right-of-way rented 
to an electricity company to enable it to 
span private land) and networks, there is 
access to every business and home in the 
country. 

Retail chains. The RECs also have cus- 
tomer databases, customer service sys- 
tems and are already geared to bill cus- 
tomers quarterly. In addition, many have 
chains of retail stores, telemarketing cen- 
tres and an established sales force. Most 
of these assets would have to be built from 
scratch for any other new operator. 

Energis claims that it will employ the 
UK’s first national 100% synchronous 
digital hierarchy (SDH) network to deliver 
its services. The SDH-based fibre optic 
cables for this are being installed on to the 
National Grid Company’s electricity py- 
lons at the rate of 80 km per week. This is 
being done, in some places, by replacing 
the existing earth wire with a new com- 
posite earth wire incorporating 24 optical 
fibres. In other areas, a 24-fibre optic cable 
is being wrapped around the existing earth 
wire. This is a well-proven technique em- 
ploying a machine that pulls itself along 
the earth wire around which it simulta- 
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Engineers carry out the dangerous task of 
working on live lines, whilst installing fibre- 
optic cable on an earth wire of the elec- 
tricity transmission network in Britain 


neously winds the optic cable. 

The SDH network will be operating at 
2.4 Gbit s-!. This is four times the speed 
of the majority of today's fibre optic net- 
works and, combined with the fact that 
24-fibre cables are being installed, it pro- 
vides a major opportunity to reduce costs. 

Network integrity. As the SDH net- 
work provides the option of transmitting 
the same information via two diverse routes 
simultaneously, a high level of network 
integrity can be achieved. This is further 
enhanced by the fact that all network and 
individual customer lines will be software 
defined, keeping human/mechanical in- 
tervention to a minimum, with the result 
that the network will be inherently more 
reliable. In fact, the pilot network which 
has been on trial for the past two years 
has consistently achieved levels of 99.9896 
reliability. 

Energis has won its first customer. It 
has signed a ten year contract to provide 
the BBC? (British Broadcasting Corpora- 
tion) with a Managed Broadcast Network 
for the distribution of TV and radio ser- 
vices throughout the UK. The BBC runs 
a nation-wide broadcast network to pro- 
vide TV services for BBC1 and BBC2 as 
well as radio services for Radios 1, 2, 3, 4 
and 5. The facility provided by Energis will 
link the BBC's studios and programme 
production centres to their TV and radio 
broadcast centres, so providing the final 
link to the UK audiences. 

It is investing over £ 100 million in the 
first phase ofits network, which connects 


twenty of the largest towns and cities in- 
cluding London, Bristol, Birmingham, 
Cardiff, Liverpool, Manchester and New- 
castle and so encompasses 70% of the 
UK population. Then, by the coming autumn, 
it aims to have doubled the size of its back- 
bone network so as to reach most of the 
major towns and cities. An investment of 
‘a multiple of £ 200 over the next decade 
is foreseeable' according to the company. 

Potential market. As well as target- 
ing high users in the consumer market 
(via cable and other operators), another 
of its potential markets is the large and 
multi-national customers. With over 2000 
named customers generating & 2 billion 
from switched telephony and £ 1.5 billion 
from private circuits, this will be a key tar- 
get. 

Energis proposes to offer a range of ser- 
vices including 2 Mbit s-l and above leased 
circuit and managed bandwidth, in addi- 
tion to standard voice and data services. 

The strategy adopted by Energis is to 
be, primarily, a marketing and services 
company that will run its network to de- 
liver communications and related infor- 
mation serices to meet the requirements 
of UK customers. Consequently, it will 
focus on these core activities and sub-con- 
tract all others. To this end, it has already 
awarded contracts worth £ 40 million to 
Northern Telecom? and Digital4 and has 
appointed them as prime contractors for 
the network and the Information System. 
Thus, it can be seen that as well as inno- 
vative technology it is necessary to adopt 
an innovative strategy towards liberali- 
sation. 

1. Energis Communications Ltd, Carmelite 
House, 50 Victoria Embankment, London 
ECAW ODE. Telephone 071 936 5555. Fax 
07] 936 5500. 

2. British Broadcasting Corporation, 
Broadcasting House, London W1A IAA. 
Telephone 071 580 4468. Fax 071 840 6607. 
3. Northern Telecom Europe, Stafferton 
Way, Maidenhead, England SL6 IAY. 
Telephone (0628) 812 000. Fax (0628) 
812 496. 

4. Digital Equipment Co. Ltd, Digital Park, 
Imperial Way, Reading, England RG2 OTE. 
Telephone (0734) 868 711. Fax (0734) 
575 027. 


SCOTTISH PROFESSOR HEADS US 
SIGNAL PROCESSING SOCIETY 
A Scottish university professor has be- 
come the first non-US engineer to be elected 
President ofthe Signal Processing Society 
of the Institute of Electrical and Electronics 
Engineers (IEEE) of America. 

Professor T. Durrani from the electronics 
and electrical engineering department at 
Strathclyde University in Glasgow not only 
breaks the US domination of high office 





D ELECTRONICS SCENE 


in the Signal Processing Society but also 
becomes the first engineer from Scotland 
to achieve eminence in the 100-year his- 
tory of the New York-based IEEE. 

The IEEE is the largest professional or- 
ganisation of engineers in the world with 
a world-wide membership of over 320 000, 
and its Signal Processing Society is the 
fourth largest out of the 35 societies of the 
IEEE - after computing, power engineer- 
ing and communications. It is also one of 
the fastest growing societies of the IEEE. 

signal processing is concerned with 
the acquisition, analysis and extraction 
of information from data, and as such it 
plays a key role in the development of in- 
formation technology. Strathclyde has one 
of the largest research groups on signal 
processing in Europe. 

University of Strathclyde, Glasgow, 
Scotland G1 1XQ. Telephone 041 552 
4400. Fax 041 552 0775. 


SERC INTO EUROPE 
Britain’s Science and Engineering Research 
Council (SERC) has joined the European 
Union of Physics Research Organisations 
(EUPRO). This union, formed in 1992, 
originated from a SERC initiative to es- 
tablish closer links between the national 
research councils in the European Commu- 
nity (now European Union - EU) mem- 
ber countries responsible for mainstream 
or small-scale physics, and to pursue 
coordinated actions of mutual benefit in 
areas of research and postgraduate train- 
ing. It extends the membership beyond 
the EC research councils to other European 
Free Trade Area (EFTA) countries and 
major organisations that engage in physics 





research. 

Science and Engineering Research 
Council, Polaris House, North Star Avenue, 
Swindon, England SN2 1ET. Telephone 
(0793) 411 256; fax (0793) 411 468. 


ADAPTING SPACE TECHNOLOGY 
FOR TERRESTRIAL MOBILES 
With the projected increase in mobile 
traffic and restrictions on the radio spec- 
trum allocated to such services, meth- 
ods for increasing capacity without oc- 
cupying more of the available spectrum 
are becoming increasingly important. 
New personal communications network 
(PCN) services, designed to operate in 
difficult urban environments, also re- 
quire base stations whose coverage can 

be tailored to the local environment. 

Engineers say this can be achieved 
through the use of multi-beam adaptive 
antenna technology, which involves the 
use of phased array antennas combined 
with advanced signal processing meth- 
ods. This technology enables each mo- 
bile equipment user to be allocated a 
dedicated 'beam' that can be directed 
towards him and track his movements. 
This means that more users can oc- 
cupy a given frequency band and in- 
terference from adjacent mobiles op- 
erating on the same frequency is re- 
duced by the increased isolation be- 
tween the beams. 

This technology has already been 
used successfully for military and space 
communications, and now the plan is 
to apply it to the commercial sector. 
The two years of research needed to 
achieve this is now to be carried out by 


a consortium of European organisa- 
tions led by Britain's ERA Technology 
from Leatherhead. Others involved are 
Alcatel SEL and Hagenuk from Germany, 
Detycom and the University of Catalonia 
from Spain, Aalborg University in Den- 
mark and Bristol University in the UK. 

ERA Technology Ltd, Cleeve Road, 
Leatherhead, England KT22 7SA. 
Telephone (0732) 374 151; fax (0732) 
374 496. 


RECHARGING 
THE BATTERY INDUSTRY 
scientists in Scotland are working on 
a new electrode material that could 
open the door to rechargeable high- 
energy batteries with longer life and 
much less weight. 

Rechargeable batteries are now re- 
quired for a vast range of electronic 
products, and presentday conventional 
nickel cadmium (NiCd) batteries not 
only constitute a large part ofthe weight 
and volume of the electronic product, 
but also contain poisonous cadmium 
heavy metal that can leak out once the 
battery is thrown away. 

Dr. Peter Bruce and Prof. Colin Vin- 
cent from the electrochecmical and 
materials science centre at St. Andrews 
University have spent several years de- 
veloping a lithium battery containing 
anew manganese oxide compound that 
is less harmful to the environment. 

Another disadvantage of the current 
rechargeables is that they suffer from 
self-discharge even ifthey are not used, 
and the energy drains away very quickly. 
The new lithium batteries being de- 
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80C166 Microcontroller 


The RMB-166 is an evaluation board for the Siemens 80C166 
16-bit high performance microcontroller running at 40MHz with 
no wait states. The RMB-166 board comes with monitor and 
PC host software to allow downloading of user code. 


Still available are the "Programming and Interfacing with 
Microcontrollers" book and "FLASH:  Fuzzy-Logic 
Applications Software Helper" both for use with 80C31 / 51 / 
/ 515 / 535 microcontrollers. 


Other related products and services are available. For more 
information write to the address below or just send a fax. 


Department X, Brook House, 
Torrington Place, London WC1E 7HN. 


KMN Developments, P.O.Box 70, Guildford, 
Surrey GU2 5ZY United Kingdom 


Fax No. +44 (0)483 - 570722 


This space is donated In the interests of high standards tn advertisements. 


veloped at St. Andrews can store up to 
three times the energy compared with 
NiCd cells and no self-discharge oc- 
curs. This will allow devices such as 
mobile phones tolast much longer be- 
tween charges. 

Prototypes of the St. Andrews bat- 
tery are already on test and the tech- 
nology involved has been patented. 
Meanwhile, the scientists are looking 
even farther into the future by inves- 
tigating the feasibility of all-solid-state 
batteries where the liquid electrolyte 
is replaced by a polymer. This could 
lead to many new applications in con- 
sumer products, medicine and ulti- 
mately in electric vehicles. 

Dr. P. Bruce, University of St. Andrews, 
College Gate, St. Andrews KY16 9AJ, 
Scotland. Telephone (0334) 6250; fax 
(0334) 62570. 


DIRECTLY HEATED 
CRYSTAL OSCILLATOR 
Available from Sematron is a directly 
heated crystal oscillator (DHXO) that 
has been designed to provide the same 
performance as an oven-contained os- 
cillator with the size, weight and power 
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consumption parameters of TCXOs. 

The DHXO is available in a frequency 
range of 7-20 MHz. Frequency over 
temperature is 2x10-7 over -20 °C to 
+70 °C. Ageing is 1x10-7 per year. DC 
power is less than 1 Wat +12 V d.c. 

Sematron (UK) Ltd, Lattice House, 
Baughurst, Basingstoke, England 
RG26 5LL. Telephone (0734) 819 970. 
Fax (0734) 819 786. 


NEW SMD SELECTION GUIDE 
Designers of high density power sup- 
plies, motor controller and other types 
of power circuit will find the SMD se- 
lection guide from International Rec- 
tifier, covering its complete range of 
surface mount devices (SMDs), to be 
particularly relevant to their needs. 

The guide contains shortform data 
on the full range of surface mount prod- 
ucts, which includes HEXFETs (power 
MOSFETs), Schottky diodes, IGBTs 
and MOS- gate driver ICs. 

International Rectifier, Holland Road, 
Hurst Green, Oxted, England RH8 9BB. 
Telephone (0883) 713 215. Fax (0883) 
714 234. 


STARTER RADIO & VIDEO PROJECT 
Maplin’s Starter Radio & Video project 
is a beginner’s step-by-step construc- 
tion guide on a VHS video tape. By fol- 
lowing the instructions on video, the con- 
structor will be introduced to the basic 
techniques of project building. 

By the end of the video, a simple AM 
radio receiver circuit will have been con- 
structed, ready to use. Certain trou- 
bleshooting advice is given at the end of 
the video. 

Additional kits of parts are also avail- 
able without the video tape, so that sev- 
eral students can work from one video 
tape. However, these extra kits can not 
be used unless at least one video tape 
is available. 

Prices are: Start Radio & Video £16-95; 
Start Radio - no Video £9.95. 

Maplin Electronics, PO Box 3, Rayleigh, 
England SS6 8LR. Telephone (0702) 
554 161. Fax (0702) 553 935. 





80C535 SBC EXTENSION CARD 


The popular 80C535 single-board computer described a few months ago in this magazine has a 
powerful microcontroller, and can be used for a wide variety of control applications. The 
extension card described in the present article gives the 80C535 computer a number of new 
interfaces mainly geared to communication with the real world. 






Design by W. Hacklander and S. Furchtbar 


ESPITE the many interfaces avail- 
able on the 80C535 microcon- 
troller board (Ref. 1), there remain a 
number of connection options to be 
desired. The present extension adds 
the following interfaces to the 80C535 
card: (1) an RC5 decoder which allows 
a standard (Philips) infra-red remote 
control to be used in application pro- 
grams; (2) a real-time clock with bat- 
tery back-up and an (optional) DCF77 
interface for perfectionists; (3) an LC 
display interface which supports dis- 
plays with one or two lines, and 16 up 
to 40 characters, with or without a 
backlight. 
The new interfaces are supported by 
a number of elementary subroutines 
written in assembler code. This soft- 
ware collection is supplied on a 3.5- 
inch diskette which may be obtained 
through our Readers Services. 


The hardware 


The circuit diagram of the extension 
card, Fig. 1, may appear a little un- 


structured because it is basically a col- 
lection of small sub-circuits. At the 
heart of the circuit is an address de- 
coder type 74HCT138, ICs. Its inputs 
are connected to address lines A12 
through A15, and to a combination of 
the RD (read) and WR (write) signal 
made by an OR function. Only three 
output signals of IC5 are used. The 
signal at output Y7 is used to select an 
8-bit bus buffer, ICs, at address 
03000;;. The Y6 signal selects the LC 
display (at address 020004-0200341) 
and the Y5 signal selects I?C controller 
IC; (at addresses 01000;; and 01001,). 
In practice, the address ranges created 
by ICs are much larger (01000, loca- 
tions) than would appear from this 
overview. Fortunately, the ‘wide’ ad- 
dressing is not a problem, and has the 
advantage of requiring far less compo- 
nents than a decoder for the exact ad- 
dresses required. 


LCD interface 
The LCD is taken up in the controller's 
I/O address range at the four ad- 





€ RAM memory with battery backup _ 

eDCF77clockconnection — < 

e Standard RS232 connection 

e All extensions supported by 
assembler code examples 








dresses 020004 through 020034. Two 
types of pin header, a single-row type 
(Ki2) and a double-row type (Kg), are 
available to cater for the most com- 
monly used connectors on LCD mod- 
ules. Preset P; is available for the 
contrast setting, while resistor Ry. de- 
termines the intensity of the LED- 
based backlight, if that is feature of 
the LCD module you are using. 


Infra-red receiver 

The RC5 compatible infra-red remote 
control receiver is built around IC», a 
SAA3049 from Philips Semiconduc- 
tors. A complete infra-red receiver de- 
vice type SFH505, SFH506 or IS1U60 
is connected to pin header K,. These IR 
receiver devices convert infra-red light 
received from a remote control unit 
into electrical signals which can be 
processed by IC. Capacitors C; and 
C14 decouple the supply voltage of the 
receiver IC. A LED, Dij, lights to indi- 
cate that the SAA3049 detects a valid 
(RC5) command from your infra-red 
remote control. The LED driver is 
formed by transistors T;, Tọ and a 
handful of resistors. The LED control 
signal is also fed to dataline D7 of the 
80C535 card. The line is held low for 
about 15 ms after each received code. 
This enables the microcontroller to de- 
tect the reception of valid data. Output 
TO (toggle) changes state every time a 
key has been pressed on the remote 
control. The microcontroller can inter- 
rogate the state of this output via 
dataline D6 of IC}. 
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The RC5 decoder, IC5, requires a 
clock of 4 MHz, which is supplied by 
the oscillator built around quartz crys- 
tal X1. The RC5 decoder IC is powered 


via Rg. This resistor, together with ca- 
pacitors Cs and Cg, ensures that the 
supply voltage is sufficiently decou- 
pled. The decoder, like all RC5 compo- 
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nents, requires a unique address. This 
is set with the aid of Ku, which con- 
sists of five solder spots located across 
pins 7, 8, 15, 16 and 17 of the IC. For 
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Fig. 1. Circuit diagram of the 80C535 extension card. Note the different connections of the three infra-red receivers that may be used. 
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40. COMPUTERS AND MICROPROCESSORS 


COMPONENTS LIST 





Fig. 3. Artwork of the double-sided through-plated board designed for the extension circuit. 
This extension board is designed to fit on top of the 80C535 computer board. 
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example, if the decoder is assigned the 
address ‘0’, it will only respond to com- 
mands received from a TV remote con- 
trol. Address ‘0’ is selected by closing 
all wire links with a drop of solder tin. 

The result of the decoding operation 
is a 5-bit code which appears in in- 
verted form at RC5 address O on out- 
puts DO-D5 of the SAA3049. Since the 
outputs are of the open-collector type, 
they are fitted with pull-up resistors. 
Next, IC3 buffers the data signals for 
the microcontroller to read at address 
030004. 


I?C bus interface 

The central part in this sub-circuit on 
the 80C535 extension card is a 
PCD8584  parallel-to-IC converter 
(Ref. 2). The real-time clock type 
PCF8583, ICs, is controlled via the DC 
bus created by the PCD8584. To en- 
able I2C modules described in previous 
issues of Elektor Electronics to be con- 
nected without problems, the bus is 
terminated into a 6-way mini-DIN 
socket on the extension card. The 
clock signal for the DC bus interface is 
supplied by a crystal oscillator mod- 
ule, X5. The reset signal is furnished 
by the 80C535 card, and reaches the 
PCD8584 via connector Ky. Apart from 
the RD and WR signals, the interface 
requires an address selection signal, 
and address line AO. The address se- 
lection signal may be found at output 
Y5 of ICs, and is active in the range be- 
tween 01000, and OIFFFy. Although 
the interrupt option is not used in any 
of our previous DC projects, it is sup- 
ported on the present card. If you wish 
to use them, interrupt lines INTO and 
INT1 can be selected via the corre- 
sponding jumper on connector K3. The 
SDA and SCL lines of the DC controller 


Fig. 2. 80C535 extension card with two ancillaries that can be connected straight away: the 
Elektor Electronics DC controlled LED module (right) and a 2x40 character LCD (below). 
Software to drive the LED display unit as a seconds counter is available on disk as order code 


are also taken to the on-board real- 
time clock, ICg. This clock has its own 
quartz crystal, Xo, and may be located 
at one of two addresses. 

Depending on the presence of a 
jumper on connection AO, the real- 
time clock is at I?C address AOp 
(jumper fitted) or A2; (jumper not fit- 
ted). Diode D4 enables a battery to take 
over the supply of the clock if the 
mains supply is switched off. Diode Ds 
then ensures that only ICg is supplied 
by the battery. 


Power supply 

A conventional regulated power supply 
is built around IC7. LED Ds functions 
as a ‘power on’ indicator. 


Construction 


The track layouts and component 
mounting plan of the double-sided 
through-plated printed circuit board 
designed for the extension card are 
shown in Fig. 3. The board is designed 
to fit on top of the 80C535 computer 
card. All the necessary connections 
can be made using a few pieces of flat- 
cable. The extension card and the 
main computer card form a compact 
unit. 

Construction is easy if you use the 
ready-made printed circuit board sup- 
plied through our Readers Services. 
Thanks to the solder mask on the 
ready-made board, the risk of short- 
circuits between adjacent solder spots 
is minimal. None the less, use solder 
tin sparingly. If a certain extension 
sub-circuit is not required, the rele- 
vant parts may simply be omitted. 

Optionally, the connections of Ka 
and K4 may be made using a couple of 
discrete wires. This is possible because 





946197-1 (see page 70 for price and ordering details).The program runs under EMON51/52. 


ELEKTOR ELECTRONICS JUNE 1994 


80C535 SBC EXTENSION CARD "n 


only a limited number of connections 
is used on each connector. On the 
down side, the discrete wires make 
disassembling the project a little more 
complicated, for instance, when a fault 
has developed. A final tip as regards 
soldering: secure the 9-way sub-D 
connector wit the aid of two M3 bolts 
before soldering the pins. In that way, 
you prevent strain on the solder con- 
nections if a plug is inserted. 

The circuit is ready for use once all 
components have been fitted, the in- 
terconnections made, and the board is 
mounted on top of the 80C5395 card. 

Preset P; can not be adjusted until 
the circuit is powered, and an LCD is 
connected. The optimum contrast set- 
ting is readily found. 

Trimmer capacitor C; enables the 
clock to be adjusted should this run 
too fast or too slow. 


Software on disk 


Diskette 1941 supplied through our 
Readers Services contains two pro- 
grams (and their source files) which 
should prove helpful to test and adjust 
the extension card. These programs 
are loaded and run (from address 
4100p) using the EMON51 or EMON52 
monitor discussed in Ref. 3. An I?C 
display driver program is avaialble 
separately as order code 946197-1. 

The RC5 extension may be tested 
with the aid of the program 
IRTEST.A51. First, the display shows 
the text 'RC5 demo” on the top line. 
The lower line displays: ‘waiting ..... SIT 
you press a number key on your RCS 
compatible remote control, the corre- 
sponding value appears on the LCD. 
The ‘+’ function of the ‘volume’ key on 
the remote control selects a kind of 
'shift function. From then on, the sec- 
ond function of each key is used. 
pressing the ‘~ key takes you back to 
the standard functions. If other keys 
than the numbers are pressed on the 
remote control, the LCD shows ‘255’. 

The real-time clock and the I?C in- 
terface may be tested by running the 
program CLK535.A51 on the disk. The 
time is displayed on the LCD. 

Apart from enabling you to test the 
respective extension functions, the 
programs also give you enough infor- 
mation to write your own software for 
the extended 80C535 computer. If you 
have developed an interesting applica- 
tion, let us know! 

(940025) 
References: 
1. 80C535 single-board computer, 
Elektor Electronics February 1994. 
2. I?C interface for PCs, Elektor 
Electronics February 1992. 
a. 80C535 Hardware /assembler 
course, Elektor Electronics March 
through June 1994. 
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74HC10M 
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74HC125M 
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74F823 
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0.96 
0.96 
0.84 
2.24 
0.84 
0.66 
4.93 
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0.84 
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1.54 
0.94 
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0.90 
1.02 
0.39 
2.80 


0.32 
0.32 


74F1244 3.75 
74F1245 POA 


74AC SERIES 


O) 74AC00 
74AC02 
74AC04 

4 74AC08 

4| 74AC10 

9 74AC11 

4 74AC14 

.44 74AC20 
DD 74AC32 


74F00 
74F02 
4F04 
74F06 
4F07 
74Fo8 
4F10 
4F11 
74F13 
74F14 


0.74 74AC169 
0.74 74AC174 
0.28 74AC175 
0.28 74AC191 
0.28 74AC240 
0.64 74AC241 
0.41) 74AC244 


0.60 
0.60 
1.10 
1.40 
2.06 
0.94 
0.92 
0.98 
POA 
0.98 
0.98 
1.38 
1.38 
POA 
POA 


74C SERIES 


74C00 
74C02 
74C08 
74C10 
74C14 
74C20 
74030 
74C32 
74C42 
74048 
74C73 
74C74 
74C76 
74C85 
74C90 
74C93 
74095 
740150 


74C929 


9.68 
0.68 
0.68 


74S SERIES 


74S00 
74802 
74803 
74504 
74808 
74509 
74810 
74811 
74820 
74832 
74840 
74851 
74S64 
74874 


0.44 
0.44 
0.51 
0.42 
0.42 
0.48 
0.98 
0.48 
0.48 
0.78 
0.25 
0.36 
0.36 
0.98 


2.62 


VOLTAGE 
REGULATORS 


78008AP 


1.15 
0.28 
0.32 
0.45 
0.28 
0.28 
0.32 
0.28 
0.32 
0.32 
0.28 
0.28 
0.28 
0.24 
0.28 


7BLOSACLP 0.40 
78LOBACZ 0.28 


78L12 


0.28 
0.28 
0.30 
0.28 
0.28 
1.10 
0.32 





78812 0.48 
78815 0.55 
7905 0.28 
7905A 0.32 
79805FA 0.60 
7909 0.55 
7912 0.30 
7912A 0.36 
7912FA 0.78 
7915 0.30 
7918 0.30 
7924 0.30 
79L12A 0.35 
79L12ACP 0.35 
79MO5 0.42 
79MO5A 0.42 
79MOS5FA 0.65 
79M12 0.50 
79M12A 0.60 
LM317T 0.50 
LM317MP 1.06 
LM317LZ 0.55 
LM338K 4.45 
UA78GU1C 1.02 
UA79GU1C 1.02 
RC4195N 1.80 
1N2986HB 18.20 
1N3881 2.54 
1N3997A 6.55 
1N4001 0.04 
1N4002 0.04 
1N4003 0.04 
1N4006 0.04 
1N4007 0.04 
1N4148 0.03 
1N4149 0.06 
1N4150 0.08 
1N4446 0.06 
1N4728A 0.24 
1N4735A 0.24 
1N4736A 024 
1N4740A 0.24 
1N4743A . 0.24 
1N4744A 0.24 
1N4756A . 0.24 
1N5226B 0.09 
1N5232B 0.09 
1N5234B 0.09 
1N5337B 0.48 
1N5349B 0.48 
1N5352B . 0.48 
1N5357B 0.48 
1N5365B 0,48 
1N5366B 0.48 
1N5370B 0.48 
1N5380B 0.48 
1N5401 0.11 
1N5402 0.11 
1N6287A 1.55 
1N825 2.75 
1N825A 2.75 
1N827 3.14 
188252 0.20 
5082-2800 0.66 
5082-2810 1.40 
5082-2835 0.44 
AA119 0.60 
AA144 0.72 
AA215 0.58 
AAZ17 0.58 
AAZ18 0.48 
BAV10 0.08 
BAV45 4.98 
BAW62 0.06 
BAX16 0.06 
BB204 0.32 
BB212 2.48 
BB405B 0.22 
BB809 0.60 
BY179 0.42 
BY260-200 3.58 
BY261-200 3.98 
BYV28-100 0.99 
BYV32-50 1.60 
CV8805 0.60 
DS16C 0.40 
MV1404 15.90 
MV209 1.20 
OA200 0.10 
OA202 0.20 
OA47 0.14 
OA90 0.14 
P6KE36A 0.88 
P6KE474 0.88 
REC53A 0.40 
ZPD2.7V 0.06 
ZENER DIODES 
MISC. 


BZY93C7V5 2.66 
BZY93C15 2.66 
BZY93C18R 2.66 
BZY93C20 2.66 
BZY93C24V 2.66 
BZY93C33R 2.66 
BZT03C120 0.40 
BZX61C9V2 0.09 
BZX61C24V 0.09 
ZENER DIODES 
400mW 
2.4V to 75V 
Price: 6p each 


ZENER DIODES 
500mw 

2.4V to 200V 

Price: 6p each 


ZENER DIODES 
1.3 WATT 

2.7V to 200V 

Price:10p each 


ZENER DIODES 
3.0 WATT 
7.5V to 270V 
Price:40p each 
ZENER DIODES 
5.0 WATT 
3.3V to 200V 
Price:42p each 


ZENER DIODES 
STUD MOUNT 
20 WATT 

7.5V to 75V 
Price: £4.94 ea. 


BRIDGE 
RECTIFIERS 
0.9A/200VDIL 








0.38 TTL Output 
3.0A/200V SIL 0.57| 14pin DIL Layout 
6A/100V SIL 1.60 Sealed Metal 
BA/200V SIL 1.96 4pin Pkg 
35A/100V Sqr 2.98] Freq.- MHz 
KBPC1002 1.64] 1MHz £8.90 ea. 
KBPC3502 2.98 
W02G-1.5A  0.40[10.12.15.16, 
2W02 0.40 | 18.432, 19.6608, 
2KBB2OR/SIL 0.70] Pree: £3.52 ea. 
B80C1500/Sq 0.35/32, 32.768, 33.33, 
B80C1500SIL 0.60) 469 & 50, 66MHz 
SKB6008/60A POA | Price: £4.45 ea. 
SKD6008/60A POAl 
Programmable 
HC49( HC18/U) Oscillators 
Freq.MHz EXO-3C SERIES 
1.843200 1.60} Bpin DIL Piastic 
2.000000 1.66 Package 
2.457600 1.49 [Freq.- MHz 
3.276800 0.98 [12, 14.31818, 16, 
3.579545 1.10]16.384,19.6608 & 
3.686400 1.02 |20MHz 
4.000000 1.02 |Price: £3.92 ea. 
4.096000 1.10 [MM 
4.194304 4.10] 16pin DIL Plastic 
4.433619 1.10 Package 
4.608000 1.10 | Programmable for 
4.915200 1.20] 57 Diff.Frequency 
5.000000/S 1.02 SPG8640AN 
5.068800 1.10 
5 242880 1.20 0.005 to 600kHz 
5.888200 1.80 | SPG8640BN 
6.000000 1.02 [0.0083 to 1MHz 
6.144000 1.02 
6.400000 1.6415, 0064 Dess 
6.552000 1.40 | Baud Rate Generator 
6.553600 1.21 
7.372800 0.78 6.00063 to 100kHz 
8.000000 1.00 Serene 
seis ee 0.005 to 600kHz 



































10.00000 1.10 |PXO.-1000 
10.69500 1.90 [0.0083 to 1 MHz 
11.00000 1.10 | Price: £ 9.25 ea. 
12.00000 0.92 SPGB651BN 
13. 
Taraan ee 0.00083 to 100kHz 
14.00000 1.64 
Cal. Tol. 5ppm 
14.31818/S — 0.85 | Price: € 10.50 ea. 
14.74560/S 1.10 
15.00000/S — 1.10 NR 
Wee Vie TDK CE-0344 5.60 
16.00000/8 1,20 
3W5H 15-15 27.50 
18.43200/5 1.10 IPLS.010 23.40 
19.66080/S 1.20 i ` 
20. 1, 
0.00000/S 60 1 Watt DC/DC 
22.11840/S 1.68 
5V input +Output 
24.00000/S 1.82 DIL & SIL b 
27.64800/S — 1.20 ele y 
30.00000/S 6.99 NMA050525V 
32.00000/S 1.40 
NMA0509+9V 
48.00000/S 1.68 
S = Series NMA0512+12V 
NMA0515+15V 
HC33/U Price: € 8.65ea. 
0.204800 8.23| DC/DC Converters 
0.307200 6.99 by Computer 
1.000000 3.95 Products 
1.843200 PM623 24.60 
2.000000 4.65 |PM671 26.70 
2.097152 3.71 | PM672 26.70 
2.457600 1.92 | PM903 44.00 
2.500000 1.92 |PM951 46.50 
3.000000 2.25 RESISTORS 
HC49/U4H 
METAL FILM 
3.276800 1.66|  9-25W 1% 
3.579545 1.58 [E24 Series 
7.864320 1.49 N.B. Min Qty. Order 
8.000000 ` 1.14 | 5pcs per value 
10.00000 2.20 |: pe 
11.05920 2.49] METAL FILM 
12.00000 1.14] PRECISION 
1400000 — 225| 025 WATT 0.1% 
16.00000 ` 1.14 £96 Series 
20.00000 ` 1.52 | 100R to 255K 
24.00000 1.90 Price: £0.94 each 
UM-1 HIGH PRECISION 
NON-INDUCTIVE 
8.000000 2.25] WIRE WOUND 
8.192000 2.021 0.15 WATT 0.1% 
10.00000 2.25 
11.00000 2.25| Temp.Coeff.3ppm 
12.28800 2.66 |10R,50R,100R,250R, 
15.00000 2.25 | 10K, 100K 
17.73447 2.80 | Price: £3.85 each 
18.00000 2.50| -------—-—-———-——-—-—-- 
20.00000 2.25| HIGH PRECISION 
21.00000 2.25| NON-INDUCTIVE 
24.00000 2.80 WIRE WOUND 
0.33 WATT 0.1% 
CRYSTALS MISC. 
Temp.Coeff.3ppm 
tig ^ 6&99| 1.5R.10R.20R,50R 
Price: £3.60 each 
MINI CYLINDER 
0.032768 0.88 100R,120R, 250R, 
WATCH 500R,1K, 2K, 5K, 
0.032768 0.82 |10K,20K 


CRYSTAL 






Price: £3.10 each 








8pin DIL DYNAMIC RAM 
Plastic pkg 
TTL Output 4164-10 1.40 
4 Pins spaced at 4164-12 1.20 
corners of 8pinDIL [4164-15 1.20 
Freq.- MHz 41256-8 2.40 
4, 4.9152, B, 10, 41256-10 2.40 
12, 16 & 20MHz 41256-12 2.40 
Price: £2.98 ea. 41264-15 2.24 
24,32,40&50MHz 1464-12 4.45 
Price £3.40 ea. 41464-10 4.45 
FEE 4464-10 2.80 
Bpin DIL 414256A-70 3.90 
Sealed Metal 44C256AZ-10 6.95 
Package A4C 256-8 5.00 
HCMOS Output {11000-85 8.45 
HM48416AP-15 

13.2mm sq. 4.60 


Pins spaced at 


corners of 8pinDIL 


Freg.= MHz 


HM48416AP-20 4.25 
HY53C256LS-B0 
1.60 


3.6864,4,8,10,12,16,]HY53C464L S-80 


20,24,32,40&50MHz 
Price: £4.20 each 


3.95 
YB511000-85 8.45 






















KM44C256AZ-10 6.95 












M5M4464P-15 — 4.60 
MK4116N-54 2.80 
MK4564N-15 1.20 
NMC3764N-15 1.60 
UPD41464C-12 4.20 
UPD41464C-15 4.20 
UPD416C-2 3.40 
UPD416C-3 3.65 
UPD446D-1 2.60 
STATIC RAM 
2114-3L 3.40 
6264LP-10 2.40 
6264LP-12 2.40 
62256LP-12 4.95 
62256LP-10 4.95 
CDM6116AE3 X 5.30 
CDM6117AE3 5.85 
HM1-6116-5 4.38 
HM3-6116-5 3.60 
HM6116LP-2 2.60 
HM6116LP-3 2.60 
HM6117LP-3 5.75 
HM62256LP-10 7.93 
HM6264ALP-12 3.95 
HM6264ASP-20 3.95 
HM6267P-35 5.07 
HM628128LP-80 
18.55 
HM66204L-12 15.80 
KM62256ALP-10 4.95 
LH5164D-10L 2.40 
P2114AL-2 3.40 
P2114AL-4 3.40 
PCD5101P 3.30 
UPD43256AGU10L 
8.33 
UPD43256C-12 5.60 
UPD4364C-15 4.70 
UVPROMS 


270128-25 
27C64A-15 
27C256-15 
27 0256-25 
D27256 
270512D-12 
27C1000D-12 
2704096-12 
HM27C101G-20 





HN27C1024HG10 
16.63 








3.95 
3.95 
3.95 
3.95 
5.40 
6.48 
8.92 











POA 


9.80 


HN27C64FP-20T 3.40 


HN27C64G-15 
HN27C64G-20 
HN462532P 


HN4827128G-25 





HN482764G 
M2716-1F1 
M5L2732K 
M5L2764K 


4.20 
4.20 
4.50 
4.55 
3.80 
3.50 
4.40 
3.30 









MBM27C64-20/21V 


MBM27C128-30 
MBM27C256-30 


NMC27C256Q-25 


NMC27C64Q-25 


TMS2516JL-45 
TMS27128JL-25 
TMS2716JL-45 


UPD27256D/21V 


UPD2732A/21V 


UPD27C2560-15 
UPD27C512D-15 


UPD27C64D-25 






28C64-25 
28C64-15 
28C256-20 
28C256-15 
28C256-15DC 
X2816AD 
X2816AP-25 
X2864AP-35 
24C01 

24C02 

24004 

24616 
28C04A-20 
59C11 
93006 
93046 
93056 
93C66 


EEPROMS 





4.90 
4.20 
5.10 


4.95 
3.66 
4.58 
4.60 
4.60 
5.60 
4.95 
5.80 
6.96 
4.95 





MISC. MEMORIES 


6341-1J 
AM2148-45DC 
AM27$281PC 


MB8414E 
MCM4027AC3 
N82809N 
N82S126AN 
N823153N 
N828181AN 
NMC6504J-9 
NMC9308N 
P5101L-1 
TBP18S030N 
TBP24S10N 
TBP24SA10N 
TC5501P 
TC5504AP-2 
TC5516PL-15 
TC5517AP-2 
TC5565PL-15 
TMS4014JDL 


IDT7130LA-100P 10.40 
tDT7132LA-100P 12.20 
















4.58 
5.44 
3.98 


4.95 
2.80 


POA 


2.49 
5.80 
6.09 
3.40 
1.45 
3.90 
1.74 
2.90 
3.15 
3.50 
3.40 
4.20 
4.20 
3.60 
3.40 









CAPACITORS 
SURFACE MOUNT 


63 VOLT 


Muttilayer Ceramic 





Case Size: 1206 
L2xW1.25mm 


10pF,22pF,33pF,47pF 
100pF,220pF,330pF 
470pF,1000pF,2200pt 
3300pF.4700pF 
10000pF, 22000pF 


33000pF 


Price: 15p each 


47000pF 100000pF 
Price: 18p each 
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MICROPROCESSOR 
& SUPPORT ICs 


7.40 
9.80 
8.76 
4.20 


100114DEC 
1001410C 
6303XP 
6321P 


63485 CP32/sm 19.95 


68000P-16 
68000P-8 
68008P-8 
68010P-12 
6802P 
6803AP 
6805ESE 
6830P 
6821P 
6840P 
6844P 
6845P 


3.40 
3.90 
80C286-12/pga 48.50 
80C286-8/plcc 24.40 
4.95 
5.94 
7.60 
7.08 
2.68 
2.68 


CA80C85B 
CD82C85 
CD82C86H-5 9.74 
CG80C286-12 48.50 
CG80C286-16 65.00 
COMB136 6.45 
COM81017 9.41 
6.42 
9.65 


10.96 
11.85 
9.36 
9.95 
2.45 
6.36 
6.36 
2.34 


7.38 
DS5000-32-12 47.50 
DS8640N 
DS8820AN 








HD1-0165-5 


HD63485PS32 32.50 


11.95 


4.40 
7.80 
7.80 


IMS2600P-15 
INSB250N 
INS8250N-B 
M5M82C51AP 4.20 
M5M82C54P-6 5.40 
MAB8031AH12P 4.56 
MABBO35HL-6P 5.98 
MC10103P 1.98 
3.21 
1.98 
MC146805E2P 9.18 
MC68G00P 12/16 POA 
MC68010P10/12 POA 


MM58174AN 
MM58274CN 
MSM5832RS A 
MSMBOCSSHS 4.90 
MSM80C39/SMD 6.45 
MSMB80C85A 3.95 
MSMBOCB5A-2 5.98 
MSMBOC86 7.60 
MSMB1C55 4.60 
MSM82C51A 3.58 
MSM82C53-2 3.98 
MSM82C53-5 3.58 
MSMB82C54-2 4.20 
MSMB2C59A-2 3.98 
MSM82C84A 3.30 
MSMB2CB4A-2 3.60 
MSM82C88 12.60 
N80C286-10/pl 24.50 
N80C286-12/p) 29.54 
N80L286-8C2/pl 36.20 
N8235N 3.68 
N8264N 3.68 
N828126AN 3.25 
N82S181F 10.04 
NS16450N 4.68 
NS16550AFN 12.60 
NSCB800N-1 10.80 
P8032AH 4.29 
P8051AH 11.20 
P8052AH/Basic 23.45 
P8080A 

P8085A-2 

P8085AH-2 

P8088 

P80C31BH 
P80C86AL-2 
P8155H/2 


P82C54-2 
PAL10L8CN 
PAL12H6CN 
PAL16RABON 
PAL2OL10CNS 4.35 
PAL20X8CNS 3.32 
PALC16L8Q-250Q 
6.10 
PALC20L8Z-45COS 
5.17 
PALC22V10H-35QS 


1,90 
1.90 
2.17 


PIC16C54RC/P 
PIC16C55RC/P 
PIC16C56RC/P 
PIC16C57RC/P 
PIC16C71-16P 
PIC16C84-10P 12.24 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


R65CO02P3 
R65C02P4 
H65C102P2 
R65C21P2 
R65C22P2 
SAB80C32P 


SAB8259AP 
SAB80C535-N 
SAB82C54-2-P 
SAB82C55A.2-P 4.80 
SC80C451ccn64 13.60 
SCN2661bc1n28 3.35 
SCN2661ccn28 3.35 
PAL16R4-15CN 2.98 
TL16C552FN 
TMP7002NL-2 
TMP8085AP-2 
TMS3477NL 


TMS77CO1NL 
TMS89900NL 
TMS9901NL 
TMS9902ANL 
TMS8914ANL 
TMS9928ANL 
TMS9995JDL 
UA9636ACP 
UA9637A 
UAS638CP 
UA9639CP 
UM6845B 

UM9151 

UM9151-3 
UPB8238 
UPB8282C 
UPB8284AD 
UPB8286C 
UPD70108C-10 E 
UPD70108C-8 6.95 
UPD70116C-10 12.90 
UPD?0116C-8 9.20 
UPD71055C 
UPD7201AC 
UPD7201C 
UPD765AC 
UPD765AC 
UPD780C-1 
UPDBOC39HC 
UPD8155HD 
UPD8251AFC 
UPD8253C-2 
UPO8253C-5 


Z0868112PSC 
Z180-MPU 
28001B-CPU 
Z8018008VSC 
Z80A-CPU 
Z80A-CPU/CMOS 
Z80A-CTC 
ZBOA-DART 
Z80A-DMA 
280A-PIO 
Z80A-SIO/Q 
ZBOB-CPU 
Z80B-CTC 
Z808-DART 
Z80B-DMA 
Z80B-PIO 
Z80B-SIO 
ZB0COOAB6G 


TELECOM & SPECIA 
FUNCTION ICs 
62X0890-U18 
707W02020 
733W00124 
AMA1503GXB 
BAA1505 
CLA25106/PLCC 
GA05001GDB 
KS-49258/PLCC 
MJ1454BB 
MK5175N 
OC-147-? 
PBD352303 
PP34C108 
Q4704 
QMV16BP5 
QMV18C 
QMV18CN1 
QMV18CW1 
QMV25C 
QMV62AW!1 
$4534-AMI 
SA336931 
SAAS025D 
SCM66115P 
SGS7P050 
SP1450B 
ULA1RB029E1 
ULA2ORKOOBE15 
XR-T5683 
ZNA2L029J-BS 
ZNPCM1J-BS 


LINEAR & MISCS. 


3630BM/BB 
49620/BB 
555-TIMER 
6341-1J 
741-OPAMP 
AD520JN 
AD524 
AD534JH 
AD537JH 
AD548JN 
AD574AKD 


3.40 
POA 
0.20 
POA 
0.18 
POA 
21.52 
48.27 
POA 
1.80 
64.66 


AD578JN POA 
AD581JH 8.92 
AD581KCSA/SMD9.97 
AD585AQ 31.56 
AD592CN POA 
AD594AD 16.80 
AD595AD 15.24 
AD648JN 
AD707JN 
AD713JN 
AD712JN 
AD7245JN/KN 
AD736JN 
AD741KN 
AD7523KN 
AD7537JN 
AD7537LN 
AD7542KN 
AD7543JCWE POA 
AD7578KN ` 46.15 
AD844AN 9.70 
ADCOBO4LCN 6.80 
ADC804LCWM 12.10 
ADCO820CCN 22.40 
ADCOB34CCN 10.80 
ADCBAKG-10 38.98 
ADCSO0BHP ` 18.42 
ADDAC80N POA 
ADG201AKN 7.35 
ADOPO7CN ` 2.32 
AHOD15CD 17.20 
AY-3-1270 3.60 
AY-5-1013 4.60 
AY-5-1013A 5.98 
AY-3-1015D 3.60 
AY-5-1250 POA 
AY-5-3600-PRO 9.96 
BA6109 1.68 
BA6208 1.40 
CA3046 0.51 
CA3046(SMD) 0.89 
CA3054 0.94 
CA3059 1.20 
CA3078AT 2.42 
CA3079 0.88 
CA3080E 
CA3081 
CA3089E 
CA3094AE 
CA3096AE 
CA3096CE 
CA3097E 
CA3120E 
CA3130BT 
CA3130E 
CA3140AE 
CA3140E 
CA3146E 
CA3160E 
CA3240E 
CA3240E1 
CA3260E 
CA3280AE 
CA3280E 
CAS55CE 
CA741CE 
CS5503-KD 
CX7925B 
D169CJ 
DACOBOOLCN 
DACOB32LCN 
DACOBCP 
DACOBEP 
DAC1008LCN 
DAC1222LCN 
DF1700P 
DG201ABK 
DG211 
DG508ACJ 
DG508CJ 3.25 
D$1488N 0.48 
DS14C88M/SMD 1.65 
DS14C88N 1.65 
DS14C89AN 1.65 
HA12017 1.44 
HA13426 11.96 
HA17723 
HD75189P 
HEF4754V 
HI1-0201-5 
HI1-508A-5 
HI1-549-5 
HI1-574AKD-5 42.50 
HI3-0201-5 3.40 
Hi3-0509A-5 — 7.15 
HI3-201-5 3.20 
HL: POA 
HS574-AK 18.20 
ICL7104-16CPL 26.08 
ICL7106CPL — 4.87 
ICL7107CQH/PLCC 


3.98 


ICL7109CPL 
ICL7116CPL 
ICL7117CPL 
ICL7126CPL 
ICL7135CPI 
ICL7136CPL 
ICL7137CPL 
ICL7606CJN 
ICL7611DCPA 
ICL7621DCPA 
ICL7622 
ICL7650CPD 
ICL7650SCPD 
ICL7652BCPD 
ICL7652CPD 
ICL7660CPA 
ICL7660SCPA 
ICL7662CPA 
ICL7663BCJA 
ICL7663BCPA 
ICL7664CPA 
ICL7665ACPA 
ICL7673CPA 
ICL8052ACPD 
ICL8068AJD 
ICL8063CCSQ 
ICL8069DCSQ 
ICL8068DCZA 
ICL8211CPA 
ICL8212CPA 


3.75 
2.88 
2.88 
2.56 
2.48 


ICM7170IPG 
ICM7207AIPD 
ICM7207IPD 
ICM7209IPA 


ICM7211AMIPL 


ICM7211MIPL 


ICM7212AMIPL 


ICM7213IPD 
ICM7216AIJI 
1ICM7217AIPI 
ICM7217BIJI 
ICM72171JI 
ICM72184AIJI 
ICM7218AIP! 
tCM7218D!JI 
ICM7218EIJL 
ICM7224IPL 
ICM7226AIJL 
ICM7226BIPL 
ICM7249IDM 
ICM7555IBA 
ICM7555IPA 
ICM7556IPD 
iM6403IPL 
L272 


LF13508D 
LF311H 
LF347N 
LF351N 
LF353N 


LM13600N 
LM13700N 
LM1391N 
LM139J 
LM1458N 


LM2917N-14 
LM2917N-8 


LM2984CT 
LM301AN 
LM307N 
LM308N 
LM310N 
LM311N 
LM311N-14 
LM312H 
LM317AT 
LM317T 
LM317T-LT 
LM318N 
LM319N 
LM32012-12 
LM324AN 
LM324J 
LM324N 
LM325N 
LM3301N 
LM334Z 
LM335Z 
LM3362-2.5 
LM336Z-5.0 
LM337T 
LM339AN 


LM360H 
LM361M/SMD 
LM363H-100 
LMS369DN 
LM36SDRC 
LM380N 
LM381AN 
LM385Z-1.2 
LM3852-2.5 


772 
6.40 


16.50 


3.82 
3.70 
1.20 
7.B8 
2.20 
2.20 


LM386M-1/SMD 1.65 


LM386N-1 


1.40 


LM386N-3 
LM386N-4 
LM387AN 
LM388N-1 
LM389N 
LM3900N 
LM3909N 
LM3914N 
LM393N 
LM393P 
LM394CN 
LM3999Z 
LM399H 
LM4250J 
LM555CN 
LM56SCN 
LM710CH 
LM723CH 
LM723CN 
LM733CN 
LM741CJ-14 
LM741CN 
LM747CH 
LM747CN 
LM78GCP 
LM79GCP 
LM833N 
LS285AB 
LS288B 
LS7210 
LT1006CNB 
LT1010CT 
LT1028CN8 
LT1032CN 
LT1070CT 
LT1083CP 
LT1086CT 
LT1134CN 
LTC1052 
LTC1099CN 
LTC485CN8 
LTC490 
M5218AL 
M5220 
M5238L 
M5298P 
M706B1 
MAX134CPL 
MAX1232CNG 
MAX1232CPA 3.57 
MAX1259CPE POA 
MAX162ACNG POA 
MAX232ACPE 
MAX232CPE 
MAX232EWE 
MAX232N 
MAX280CPA 
MAX452CPA 
MAX627CPA 
MAX660CPA 
MAX690ACPA 
MAX693CPE 
MAX694CPA 
MAX697CPE 
MAX7219CNG 
MAX8211CPA 
MAX301BCPE 
MC1377P 
MC1433P 
MC14411P 
MC14416L 
MC14495P 
MC145406P 
MC1455P 
MC1455P1 
MC1458P 
MC1488L 
MC1488P 
MC1489AL 
MC1489AN 
MC1489L 
MC1489P 
MC1496N 
MC1558L 
MC1648P 
MC1658P 
MC1709CPI 
MC1723CP 
MC1741CP 
MC3242AP 
MC3301P 
MC3302P 
MC3340P 
MC3357P 
MC3403P 
MC3446AP 
MC3479P 
MC3523U 
MC4024P 
MCT2 
MCT61 
MF10CCN 
ML924 
MM5309N 
MM53105N 
MM80C95N 
MP7570JD 
MUX24EQ 
MUX24FP 
MV500DP 
MV601DP 
MV8870DP 
NE5020N 
NE527N 
NE532N 
NE536H 
NES530N 
NE5532AN 
NE5532N 
NE5534AN 
NESSSN 
NE556/SMD 
NE556N 
NESS&N 
NES64N 
NES65N 
NES&7N 
NES68N 
NE570N 
NE571N 
NE589N 
NE592/SMD 


POA 
POA 
1.25 

17.95 
POA 


5.70 
6.59 
7.15 
2.28 
POA 
4.93 
0.74 
11.38 
17.60 
4.82 
2.10 
0.40 
0.60 
0.32 
2.40 
0.38 
2.25 


NE592N 
NE592N14 
NE602N/AN 
NE604AN 
NE605N 
NE612AN 
NJM4556D 
NJM4558DX 
NJ8821 DP 
OPO7CJ 
OPO7CN 
OPO?CP 
OPO7EP 
OP11GP 
OP177FP 
OP27GP 
OP42F2 
OP77GP 
OPO7CN 
PCM63P-K 
PM7548HP 
RC4136N 
RC4193N 
RC4194N 
RC4207GN 
RC4558 
RC4558P 
REFO1CP 
REFO1HP 
REFO2CP 
REFOSGP 
REF25Z2 
S25604 
SAA1027 
SAA1043P 
SAA3049P 
SAA5025D 
SAA6002A 
SAS560S 
SED2000FVA 
SFC2301ADC 
SFC2741DC 
SG3524N 
SI7660CJ 
$L1452 
SL2364C 
SL3117B 
SL486DP 
SL490DP 
SL560COP 
SL6270CDP 
SL6700CDP 
SN5281CN 
SN55451BJG 
SOC12 
SP1648DG 
SP4534 
SP4740DP 
SP8629DP 
SP8660DP 
STK41411I 
STK5151 
STK41 711 
STK4181-V 
STK4192Il 
STK4277SL 
TA7215P 
TA7256P 
TA7368P 
TA7658P 
TA78005AP 
TA8200AH 
TA8410K 
TA8449P 
TA8659AN 
TAAB61A 
TBA120S 
TBA240B 
TBA570 
TBAB20MT 
TBA920 
TBASSO 
TCA335A 
TCA365 
TCM1520AP 
TCM1531P 
TCM1705AN 
TCM3105N 
TCM5087N 
TCM5089N 
TDA1023 
TDA1083 
TDA1085A 
TDA1085C 
TDA1151 
TDA1170S 
TDA1515A 
TDA1521A 
TDA1576 
TDA1578A 


TDA2086/A/DP 


TDA2595 
TDA3048N 
TDA3505 
TDA3810 
TDA440 
TDA4510 
TDA4563 
TDA4660 
TDA6579T 
TDA7010T 
TDA7052 
TDA8702 
TEA1045 
TEA1060 
TEA5620 
TIPC2801KV 
TLO26CP 
TLO62CN 
TLO62CP 
TLO64CD 
TLOG4CN 
TLO641D/SMD 
TLO71ACP 
TLO71CP 
TLO?2ACP 
TLO72CN 
TLO72CP 
TLO74ACN 
TLO74CN 
TLO81CP 
TLOB2CN/CP 


1.40 
0.92 
2.98 
8.24 
8.60 
2.87 
1.20 
1.20 
12.06 
3.60 
0.95 
0.95 
3.10 
5.85 
3.71 
2.89 
7.44 
2.07 
0.95 


35.80 


18.20 
0.98 
POA 
2.85 
1.92 
0.90 
0.60 
3.33 


10.80 
3.40 
9.60 
6.78 
0.18 
4.60 
1.92 
6.75 
3.97 
POA 
3.36 
2.80 
3.00 
3.30 
5.47 
POA 
2.85 


TLO84CN/CP 


0.84 


TL27L2CD/SMD 1.98 


TL497ACN 
TL507CP 
TL604CP 
TL7702ACP 
TL7705ACP 
TL7705CP 
TL7709ACP 
TL7770-SC 
TL783CKC 
TLC15411N 
TLC2201CP 
TLC2274CN 
TLC251CP 
TLC2652CP 
TLC2654CP 
TLC271CP 
TLC272CP 


3.44 
4.03 


0.84 
1.30 


TLC272CD/smd 4.10 


TLC274CN 
TLC339CN 
TLC372CP 
TLC551CP 
TLC855CP 
TLC556CN 
TLC7524CN 
TLE2061CP 
TLE2062CP 
TLE2064CN 
TLE2161CP 
TMS3477NL 
TPIC2406NE 
TPIC2802KV 
TPIC6259N 
TPIC6273N 
TPIC6595N 
TSC426CPA 
TSC500CPE 


TSC7106CPL 
TSC7116CPL 
TSC7126CPL 
TSC766OCPA 


U1096B 
U2066B 
U2400B 
UA2240PC 
UA709CP 
UA7OSPC 
UA715HC 
UA723CP 
UA733CJ 
UA741MP 
UA741TC 
UA748CP 
DA7481C 
UA77000UIC 
UA798TC 
UCN5800A 
UCN5801A 
UDN2981A 
UDN2982A 
UDN6118A 
UGN3501M 
ULN2001AN 
ULN2002A 
ULN2003AN 
ULN2004AN 
ULN2024A 
ULN2032A 
ULN2803AN 
UM5100 
UM5101 
XR2211CP 
XTR110KP 
Y1112/TI 
YM3623B 
ZN1034E 
ZN1445 
ZN414Z 
ZN415E 
ZN416E 
ZN423 
ZN425E-8 
ZN426E-8 
ZN427E8 
ZN428E-8 
ZN429E-8 
ZN432E 
ZN448E 
ZN449E 
ZNA134E 
ZNA134H 
ZNA234E 


4N25 
4N26 


BPW21 
BPW40 
BPW41N 
CNX36 
CNY17-3 
CNY21N 
DFO8 
HCPL-2200 
HCPL-2231 
HCPL-2602 
HCPL-2630 
HCPL-2730 
HCPL-2731 
HCPL-4200 
ILD74 

ILQ1 

ILQ74 
ISQ74 


MV57164/Red - 
10 LED Bargraph 


TIL100 
TIL111 
TIL113 
TIL117 
TIL119 
TIL311 
TLP504A 
TLP521-4GB 
TORX173 
TOTX173 


2.40 
1.98 
1.40 
3.68 
0.65 
1.58 
5.24 
2.20 
3.40 
3.45 
2.42 
5.96 
7.14 
9.42 
3.28 
3.28 
3.28 
POA 
POA 
6.81 
5.80 
5.80 
1.40 


12.25 
12.73 
16.40 


OPTO 
ELECTRONICS 


0.60 
0.60 
0.40 
0.56 
1.60 
4.98 
1.60 
1.16 
0.38 
0.54 
POA 


GRAPHIC LCD 
DISPLAYS 
LM258X 67.22 
LMG6380QHGR 64.44 
LM213XB 77.44 
LM313XBN 106.20 
INTELLIGENT 
LCD MODULES 

33.10 
53.04 
66.82 
LMO93LN 37.44 
ALPHANUMERIC 
DOT MATRIX 
LCD MODULES 
15.69 
34.70 


75 SERIES 


75107AN 1.02 
75108AN 1.84 
75110AN 2.46 
75113N 3.56 
75114N 3.16 
75115N 2.68 
73116N 6.24 
75121N 3.66 
75122N POA 
75136N 3.10 
75140P 3.76 
7$150P 1.64 
75154N 1.75 
75155P 3.25 
75172NG 4.82 
75173N 4.82 
75174N 3.68 
75174NG 4.82 
75175N 2.60 
75176AP 2.18 
75176BP 2.30 
75177P 4.88 
75178P 

75182N 

75183N 

75188N 

75189AN 

75189N 

75437AN 

75450BN 

75451N 

75452BP 

75452N 

754536P 

75454BP 

75462N 

75462P 

75463N 

75468N 

75469N 

75470N 

7$471P 

75472P 

75473P 

75474P 

75477N 

75491N 

7SALS176P 
7SALS192N 
7SALS193J 
75C1154N 
75C1406N 

75C185N 

73C188N 
75C189AD 
75C189AN 
75C-189N 
78LBC176N 


TRANSISTORS 
THYRISTORS 
& TRIACS 


40406 
40673 
BC107A/B 
BC108A/B/C 
BC109B/C 
BC140-16 
BC146/01 
BC149 
BC157 
BC158 
BC169C 
BC179 


1.60 
2.40 
0.17 
0.17 
0.18 
0.48 
0.58 
0.40 
0.34 
0.34 
0.14 
0.24 


BT136-600 
BUW46 
BUZ11 
BUZ11A 


MJE13070 
MJE340 
MJE350 
MJE520 
MPS3638 
MPSA06 
MPSA13 
MPSA63 
MPSA92 
MPSUOS 
MTP8P08 
00147 
OC19 
OC45 
OC72 
OC78 
OCB1M 
OC812 
PN3643 
TIC106M 
TICP206D 
TICV106D 
TiP115 
TIP121 
TIP145 
TIP2955 
TIP30 
TIP3055 


VP0104-N3 
VP0104N2 
VPO104N3 
ZTX212 
ZTX237 
ZTX300 
ZTX313L 
ZTX320 
ZTX510 


IC SOCKETS 
LOW PROFILE 


No. Pin Gold Tin Gold 
of spacTurn sidr sidr 
Pins-ing Pin Tail 
Q.3 18p 6p 
0.3 18p 6p 
0.3 31p 8p 
0.3 33p 10p 
0.3 39p 11p 
0.3 45p 12p 
0.3 54p 14p 
0.3 54p 14p 
0.6 54p 14p 
60p 16p 
65p 22p 
6 7Op 22p 
0.6 85p 
0.75 260p 
0.9 260p 


BFR53-5GH2 
BFR91-5GHz 
BFR91A-6GHz 


0.48 
0.90 
1.20 


PERSONAL COMPUTER PRODUCTS 


MOTHER BOARDS 


VESA 486 3VLslots,AMI,SIS,256kCache £ 85 


(without CPU&DRAM) 


ISA 386DX-40 with CPU, 128k Cache 


(without DRAM) 


IMPORTANT 
All prices are 


excluding V.A.T. 
£ 85 


P&P Charge 


CONNOR/QUANTAM HARD DISK DRIVES |¢3.00 tor orders upt 


LPS-170AT 170MB 
CFS-210A  210MB 
LPS-270AT 270MB 
LPS-340AT 340MB 


GRAPHIC CARDS 


12msec 3.5" LP 
14msec 3.5" LP 
12msec 3.5" LP 
12msec 3.5" LP 
FLOPPY DISK DRIVES 

TEAC  FD-235HF 1.44MB 
TEAC FD-55GFR 1.2MB 


£40 exc. V.A T. 


£40 exc.V.A.T. 
applicable to all 


3.5" goods under the 


5.25" 


ISA TRIDENT TVGA 8900D 1MB SVGA 
ISA TRIDENT TVGA 9000 512KB SVGA 
VL/B COMBO CARD 3-IN-1 


KEYBOARD & MICE 


102 UK Enhanced KeyBoard, Regu. Size 


cost for all 
destinations outside 


XNIX 3 Button Serial Mouse 
UO CARDS with Cables 


IDE 2HD/2FD/2S/1P/1G 
VLB Multi .O.Card Anti virus£ 25 


MICROPROCESSORS 

INTEL? 60 
INTEL £ 62 
INTEL € 190 
INTEL € POA 
INTEL £ 310 


80286-16MHz 
80486SX-25MHz 
80486DX-33MHz 
80486DX-50MHz 
80486DX2-66MHz 


MEMORIES (SIMM) 
1Mx9x3 CHIP 
4Mx9x3 CHIP 


256Kx9 3 CHIP 





7TOns £ 32 
7Ons £ 130 
1Mx36 (4MB 72PIN) 70ns £ 130 
8Ons£ 12 


£ 15 
Diplays 1 to 99, Jumper selectable 


Can be wired e.g. 25MHz & 66MHz 
48x56mm Special Intro. Offer £5.95 
8 Digit 7 Seg. LED MPX Display 
Board fitted with BPin SIL Header 
size 15X61mm, supplied with HP 
HDSP-7511 0.3" (7.6mm) Displays. 
use Com. Anode Display Drivers 
ICM7216A/C or ICM7218A/C/EiJLetc. 
Kit: £18ea. Assembled: £24 ea. 
Vaccum Fluorescent Displays 
CU205ECPB 20 Digit 5x7 Dot Matrix 
by ISE Japan, 176x56mm £32 each 
All Special Products: P&P £1.10 


We stock Capacitors, Resistors, D & DIN Connectors, Headers, LED and LCD displays, LEDs 
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VIEWCOM ELECTRONICS 


77 UPPERTON ROAD WEST 
PLAISTOW, LONDON E13 9LT 


PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 


PLEASE ADD £1.10 P & P and then 17.5% VAT. OFFICIAL ORDERS from Govt. & Educational Establish- 
ments are accepted. VAT at 17.596 is chrageable to all orders received from EC Member Countries unless 
VAT Number is quoted. OVERSEAS orders, postage AIR/SURFACE will be charged at cost. VAT is not 
applicable for EXPORT orders from Non-EC Member Countries. Stock items by return of post. 


N.B. All prices are subject to change without notice & stock availability. 





Retail Shop: 139, New City Road, Plaistow, London E13 9PX 












FUEL CONSUMPTION METER 


FOR FUEL-INJECTION ENGINES 


Design by F. Ebert 


To meet market demands as well as environmental 
requirements, automobile engineers are continually striving 
towards minimal fuel consumption and cleaner exhaust 
systems. That quest has resulted in most modern cars being 
fitted with multi-valve engines, fuel injection, electronic engine 
management and catalytic converters. Surprisingly, however, 
few production cars are fitted with a fuel consumption meter: 
an omission which this article attempts to put right. 


n contrast to the situation in carburet- 

tor engines, it is fairly easy in the case 
of fuel injection engines to obtain infor- 
mation as to fuel consumption.Since the 
pressure in the supply line in a correctly 
working system is controlled by a fuel 
pressure regulator, the consumption is 
directly proportional to the number and 
length of the injection pulses. Using these 
pulses to charge a capacitor results ina 
potential which rises when more fuel is 
used. Applying this potential to a volt- 
meter results in a sort of consumption 
monitor. However, this would only indi- 
cate the amount of fuel being consumed, 





whereas a fuel consumption meter gives 
an indication of how many litres per 
100 km are being used. The correlation 
between litres per 100 km and m.p.g. (a 
more usual concept in many English- 
speaking countries) is shown in the table. 
This means that information is needed 
as to the distance covered in a time unit. 
Fortunately, most modern cars are 
equipped with an electronic tachometer, 
the number of pulses produced by which 
can be used to divide the number of in- 
jection pulses. The principle of this is 
shown in Fig. 1. The injection pulses are 
used in conjunction with a current source 
to charge a capacitor. The potential de- 
veloped across the capacitor is applied 
to the voltmeter via a buffer stage. This 
gives a indication of the fuel consump- 
tion. The pulses from the tachometer are 
given a specific length by a pulse shaper 
and are then used to operate an elec- 
tronic switch. Every time the switch is 
closed, the capacitor is partially dis- 
charged. The higher the pulse rate, the 
more frequently the capacitor is dis- 
charged and the lower the voltmeter read- 
ing. In other words, the voltmeter read- 
ing has become a function of both the 
injected amount of fuel and the distance 
travelled. If a tachometer is not fitted, 
pulses may be derived from the speedome- 
ter (see circuit description). 

Note that if the car is at a standstill 
with the engine idling, the indicated fuel 
consumption will be high: this is because 
if there is no distance travelled, the quo- 
tient of consumption and zero (distance) 
is infinitely high. 


Circuit description 


The capacitor that is charged and par- 
tially discharged is Cj. Charging takes 
place via current source T». The required 
constant base potential for this transis- 
tor is obtained with the aid of Dj. The level 
of the charging current can be set within 
wide limits with Pj. Since the quiescent 


drive voltage, U,, for the injection valves 
is high, the current source is controlled 
by ‘inverting switch’ Tj. When U; is high, 
T; is on and short-circuits Dj, so that T» 
is off. When Uj is low (that is, during in- 
jection of fuel), T; is off and Ty functions 
as required. 

The signal from the tachometer, U,, 
consists of rectangular pulses whose width 
and amplitude vary appreciably. For ac- 
curacy's sake, the pulses are given a fixed 
shape: their rate is, of course, not affected. 
The shaping is effected by differentiating 
network R7-C3, peak limiter Da and mono- 
stable IC}. The pulses at the output of 
the monostable have a fixed length of 
1 ms. They control ‘discharge switch’ Ts. 
Thus, C, is discharged via Rs for a fixed 
period at every pulse contained in U,. The 
total discharge period per time unit is 
thus directly proportional to the rate of 
the U, pulses. 

The potential across C, is applied to 
voltmeter M, via buffer IC]. To prevent 
the meter needle vibrating with small volt- 
age variations, these are smoothed by 
shunt capacitor Co. 

If a tachometer is not fitted in the ve- 
hicle, the U, pulses can be derived from 
the speedometer. The speedometer cable 
is coupled to the instrument on the dash- 
board by a rotating magnet. The magnet 
rotation can be used to generate pulses 
with the aid of a magnetoresistive sensor. 
The outputs of the sensor used, IC4, are 
linked to a differential amplifier, Ion, 
which amplifies x100 each unbalance 
caused by magnetic induction in the mea- 
suring bridge. 

The output of IC, is applied to the pos- 
itive input of comparator IC3,, which uses 
the differential signal averaged by 
R18-Cg as its reference. Thus, the output 
of the comparator is a rectangular pulse 
train, whose frequency is directly pro- 
portional to the speed ofthe vehicle. Diode 


injection pulses 


speed pulses 


940045 - 11 





Fig. 1. Charging a capacitor in rhythm with 
the fuel injection pulses and partially dis- 
charging it in rhythm with the tachometer 
pulses gives an average potential across 
the capacitor that is representative of the 
fuel consumption over a certain distance. 
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Fig. 2. Circuit diagram of the fuel consumption meter. The lower section is for use 
with a speedometer. 


ELEKTOR ELECTRONICS JUNE 1994 





FUEL CONSUMPTION METER 


Ds indicates whether output pulses are 
being produced. 

The sensitivity of the sensor was found 
to be more than adequate. In the proto- 
type, reliable pulses were produced even 
when the distance between IC, and the 
casing of the speedometer was a few cen- 
timetres (up to an inch). 


Construction 


The printed-circuit board for the meter is 
shown in Fig. 3. It is easily cut into two: 
the larger portion for the meter section 
and the smaller for the the magnetore- 
sistive section if required. Populating the 
board(s) is straightforward. Connections 
between the board(s) and the tachome- 
ter are by right-angle car-type terminals 
as shown in Fig. 4. 

The voltmeter and the 12 V battery 
supply are connected to the meter board. 

If the magnetoresistive sensor is used, 
the relevant board is best fitted in a small 
synthetic enclosure mounted directly on 
to the speedometer. The best position for 
it must be determined by trial and error 
as most speedometers are slightly differ- 
ent from one another. During a short test 
drive it can be determined from Ds whether 
the sensor is in a strong enough magnetic 
field. If the distance between this board 
and the meter board is more than about 
30 cm (1 foot), the interconnection be- 
tween them should be made in screened 
cable. 

The positions from where to take the 
U; and U, signals are best found out from 
a car dealer or from the car's technical 
handbook. However, the position of the 
injection valves is easily found. One of the 
terminals on the valve carries 12 V: the 
U; pulse train is taken from the other ter- 
minal. 

The take-off point for the tachometer 
is normally situated near the drive shaft 
or the differential: there is only one ter- 
minal. Whether this is the correct termi- 
nal can be checked by driving the car for 
a short distance after having taken the 
socket off the terminal. If the tachometer 
does not work, it is the terminal from 
which the U, pulse train is to be taken. 
Reinsert the socket on to the terminal 
once the tap has been made. 


Calibration 


The fuel consumption meter is intended 
primarily to facilitate driving with fuel 
economy in mind. Therefore, an indica- 
tion as to fuel economy was deemed more 
important than an exact reading of the 
fuel used. It is for that reason that the 
read-out is not a complex digital one, but 
a simple moving-coil instrument. Moreover, 
his type of meter is not so distractive for 
the driver: a safety plus point. Nevertheless, 
some calibration is necessary to set a 
guideline. 

It may be asked whether only one cal- 
ibrating device, P,, is sufficient in all 
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cases. The answer is: almost certainly in 
99% of them. The range of the preset is 
fairly large and, moreover, the difference 
in aspects with which this article is con- 
cerned between a variety of cars is not 
very great. For instance, the injection 
time in most cars is in the range 1-15 ms. 
Furthermore, the relationship between 
tachometer rate and distance covered is 
determined by the final drive ratio, which 
in most cases is not far from 4:1. At the 
end of this article is a formula for the 
exact calculation of the average potential 
across CJ. 

Three things are required for the cali- 
bration: a chauffeur, the car’s instruc- 
tion book and a wind-still day. 

In the instruction book, find and note 
the manufacturer’s consumption fig- 
ures: these normally include that ata 
constant 56 m.p.h. and 70 m.p.h. 

When the engine has reached its normal 
running temperature, keep the speed at 
constant 56 m.p.h. and adjust P, for a 
meter deflection of about 1/4 f.s.d. Mark 
this point with the figure given in the in- 
struction book, say, 9.00 (¢/100 km) or 
30 (m.p.g.). Then, accelerate to 70 m.p.h. 
and check that the meter reading in- 
creases and mark that point with the fig- 
ure given in the book, say, 11.00 
(7/100 km) or 25 (m.p.g.). 


Average capacitor voltage 


The average value of the voltage, Uc. 
across capacitor C, is given by: 


E (Iata uM 


C1 Zen te) 


where 

f; = injection rate (n/60 Hz, where n= en- 
gine speed in r.p.m.); 

t; = injection duration (1-15 ms); 

Jf; = tachometer rate in Hz; 

t = monotime of tachometer (ms); 

R, = discharge resistor (R5 = 10? Q); 

C = integrator capacitance (C; = 10-6 F); 

I; = integrator current (can be set between 
6 uA and 10 mA). 


Parts list 


Resistors: 

R; = 6.8 kQ 

Rs, R7, Rus, Rig, Rig = 100 KQ 
R3, Rog = 1.5 KQ 

Ry, R5 = 1 KQ 

Rg = 18 kQ 

Rg, Rg, Rip Riz Ry7 Rg) = 10 KQ 
Ro = 33 kQ 

Rus, Rig = 10 MQ 

Rig = 1 MQ 

Roo = 22 KQ 

P; = 200 KQ multiturn preset (horizontal) 


Capacitors: 

C, = 1 pF. polyester 

C» = 100 pF, 10 V, radial 
Ca —lnF 





Fig. 3. The printed-circuit board for the fuel consumption meter is easily cut into two. 
The smaller section is for use with a speedometer if a tachometer is not fitted. 





Fig. 4. The completed boards clearly show the car-type right-angle terminals. 


C4 = 120 nF 

Cs, Cjo = 10 pF, 25 V, radial 
Cg = 10 pF, 10 V, radial 

C7, Co = 100 nF 

Cg = 1 pF, 10 V, radial 


Semiconductors: 

Dj. D5 = LED, red, low current 
D» = zener, 4.7 V, 500 mW 

Da = BAT85 

Da = 1N4001 

Tj, Ta = BC547B 

T = BC557B 


Integrated circuits: 
IC), IC 2 TLC272CP 
ICs = 7805 

IC4 = KMZIOB (Philips) 


Miscellaneous: 
11 off car-type terminals, right-angled 
with matching sockets 
M; = moving-coil meter, 100 nA, 1.9 kQ 
PCB Ref. 940045 
[940045] 


ELEKTOR ELECTRONICS JUNE 1994 





Please mention ELEKTOR ELECTRONICS when contacting advertisers 


TEST and MEASURE 
with your 
COMPUTER. 
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PRINTER PORT DUAL CHANNEL 

BUS SLOT BI-POLAR 

MULTI INSTRUMENIS ACCURACY 0.25% 

COLOUR SOFTWARE 400V peak-peak 
Multimeter Transient 


— 28.0 sec sample: 9 40/ 280 
Digital Voltneter 0.0 d x ; e 
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For more information on the HANDYSCOPE and other data acquisition 
instruments please contact... 


INSTRUTEK (UK) 


TEL: (0480) 460028 FAX: (0480) 460340. 
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GC BUS BOOSTER 





The IC interface was originally developed by Philips 
Components to enable complex integrated circuits to 
communicate using a simple bidirectional bus. In practice, I^C 
compatible ICs may be located up to a few meters apart. In 
some cases, for instance, with remote data logging, longer 
connections will be desired. The bus booster described here 
increases the maximum distance between EC devices by a 
factor 10, bringing small networking applications within easy 


reach. 


Design by K. Walraven 


HE abbreviation DC stands for 

Inter Integrated Circuit (IIC), which 
already hints at a bus system which 
allows ICs to talk to each other. 
Usually, this means that connections 
are established 'across the board' or 
between boards, that is, over distances 
of a couple of tens of centimetres. 
Effectively, the DC bus makes it possi- 
ble for many complex ICs on the same 
board, or different modules (for in- 
stance, in a TV set) to share a common 
bus for data and command traffic. To 
ensure the integrity of the information 
conveyed via the bus, the total capaci- 
tance of all connected devices is sub- 
ject to certain restrictions. 

The design of the I?C bus is based 
on a maximum load capacitance of 
400 pF. Consequently, in practice dis- 
tances of up to a few meters may be 
covered. By using a special (UC bus 
driver, the 82B715, the maximum bus 
capacitance may be increased by a fac- 


tor 10. This is achieved by stepping 
down the impedance of the SDA (data) 
and SCL (clock) lines with the aid of an 
electronic transformer. As illustrated 
in Fig. 1, a single 82B715 contains 
two current transformers which effec- 
tively multiply the transformer ‘pri- 
mary De, device input) current by a 
factor 10. The structure of a buffered 
I^C link is shown in Fig. la, while 
Fig. 1b illustrates how two (DC outputs 
are interconnected via a common pull- 
up resistor. The current transformer 
(an all solid-state device!) is inserted 
between the pull-up resistor and the 
output. If the open-collector output of 
port A is actuated, a current I, flows 
from the pull-up resistor to the actu- 
ated output via the current trans- 
former. The output transistor of buffer 
Ap boosts the current through the 
buffered DC line by a factor 10. The 
‘excess’ current (9x14) is shunted back 
into the supply by the transformer out- 


put transistor. The logic low level 
which is then on the I?C bus line is 
copied 1-to-1 to the input of port B via 
buffer By. Since the rule that only one 
output may be low at a time is still 
valid, it is possible to connect several 
ports to the buffered bus. Also, buffers 
may be connected in parallel because 
they have the same open-collector 
structure at their outputs as any other 
DC compatible IC. It should be noted, 
though, that each I?C line may have 
only one 330-Q pull-up resistor. 
Consequently, all resistors (i.e., pull- 
up resistors as well as current limiting 
resistors) should be removed from the 
entire path between the existing I?C 
connection, and that of the IC buffer. 

On the existing DC modules de- 
scribed in Elektor Electronics, the se- 
ries resistors on the bus lines served to 
afford ESD (electrostatic discharge) 
protection. They should now be re- 
moved to prevent problems caused by 
the voltage they introduce. If ESD re- 
sistors were used throughout the cir- 
cuit, a logic low level would correspond 
to a voltage between 0.5 V and 2 V, 
which exceeds the specifications of the 
buffer device. You need not worry 
about removing the ESD protection be- 
cause the buffer IC itself contains pro- 
tective circuitry. 


Speak of capacitance 


The fact that the maximum capacitive 
load on an I?C bus line is about 400 pF 
says very little in itself — arguably, the 
practical consequences of this restric- 
tion are far more important. When or- 
dinary PCB material is used, each port 
represents a load of about 10 pF. The 
wiring capacitance is about equal. 
Consequently, a maximum of 20 ICs 
may be connected to a single bus line. 
Longish cables, however, reduce this 
number considerably, because they in- 
troduce a relatively large stray capaci- 
tance. 

Based on a maximum clock fre- 
quency of 100 kHz, the RC time may 
not exceed 1 ps. At this timing, the 
pulse edges have a length of about 
4 us. Assuming that a pull-up resistor 
of 330 Q is used, the maximum load 
capacitance equals about 300 pF 
(1 ps/3.3 kO). Consequently, a maxi- 
mum load capacitance of 3,000 pF 
may be present at the buffered side if a 
330-Q pull-up is used. It is hard to say 
how this can be translated into cable 
length, since that depends largely on 
the type of cable used. In any case, a 
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cable of a couple of meters will not pre- 
sent problems. If you want to ‘squeeze’ 
the driver for maximum drive capacity, 
the value of the pull-up resistor may 
be lowered to 153 Q, at which the max- 
imum permissible current of 30 mA 
flows. 

If a lower clock frequency is used, 
the maximum permissible capacitance 
that can be driven increases propor- 
tionally. 

The oscilloscope screendump in 
Fig. 2 shows the SDA signal (upper 
trace) as well as the SCL signal (lower 
trace). The start condition is shown to 
the left. The falling (negative-going) 
edge is clearly steeper than the rising 
(positive-going) edge. This is caused by 
the fact that the rising edge depends 
on the relatively high value of the pull- 
up resistor. An acknowledge pulse is 
generated at the ninth signal edge. At 
the time the screendump was made, a 
330-Q resistor was still present in se- 
ries with the output of a module. As a 
result, the ‘0’ level is at about 0.5 V 
here. 


Practical circuit 


The circuit diagram of the I2C bus 
booster is given in Fig. 3. Al! and 
sundry will agree that this is a very 
simple circuit indeed. The heart of the 
booster is formed by the 82B715 in po- 
sition IC;. Both outputs of the IC are 
fitted with a 330-O pull up resistor. 
The I?C connection to be buffered is 
linked to connector Kı. The booster 
chip is supplied with input signals, 
supply voltage and ground via this 
connector. The interrupt signals are 
not boosted, and passed straight on to 
the outputs of the circuit, connectors 
Ko and Ka. It is therefore better not to 
use interrupts. 

The presence of two connectors 
makes chaining the bus much easier. 
If chaining is not required, you may 
want to omit Ka. Capacitors C, and C5 
are added to afford sufficient decou- 
pling of the supply line. 


Construction 


The artwork of the printed circuit 
board designed for the bus booster is 
shown in Fig. 4. Since it seems logical 
to use at least two buffers, the PCB en- 
ables you to build two buffers at a 
time. The two PCBs are best separated 
before they are populated. 

Because of its small size, the circuit 
is easily built into a compact case. The 
construction itself is entirely straight- 
forward, and requires hardly any com- 
ment. Just make sure you work 
carefully, and use a solder iron with a 
fine tip. 

Having completed the bus booster it 
is time to remove all pull-up resistors 
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LC BUS BOOSTER 
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Fig. 1. Structure of a buffered I?C bus. The current transformers in the 82B715 are used to 
buffer the bus lines. 





11-Feb-94 
10:08: $8 






eee See 
ud cq peius 
ME HHP tt H _ 
NMINNNNRNEMEAT 
—tinannünnuünmnnn — 
Bii SERE 
EERE CECE uus. 
L 











20 us 2 V 
CH1 2.00 v DC CH1 .2 Vë: 
uo E Cem CH? .2 Vă= 

T/div 20 us 


940057 - 12 


Fig. 2. Scope screendump to illustrate the communication protocol on the I2C bus, and the ef- 
fect of the 330-O resistor in series with an I?C line. 
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Fig. 3. Circuit diagram of the PC bus booster: one integrated circuit and a handful of passive 


parts do the trick. 


from the existing IC bus, as well as 
any 330-Q ESD protection resistors. 
Disconnect the cable, and connect a 
bus booster at both ends. From then 
on, the buffering on the bus could not 
be better, and much larger distances 
can be covered reliably. By the way, do 


remember that only one set of buffer 
resistors is necessary in each DC bus 
system. This means that resistors R, 
and Ra need to be fitted on one of the 
two booster boards only. 


(940057) 


I?C projects described in previous 
issues of this magazine: 


Inter-IC communications, September 
1990. 

Video digitizer, July/August 1991. 

DC interface for PCs, February 1992. 
DC LED display, June 1992. 
Speech/sound memory, December 
1992. 

DC alphanumerical 
July/August 1993. 

DC bus fuse, July/August 1993 
DC opto/relay card, february 1993. 
DC power switch, december 1993. 
DC tester, January 1994. 


display, 


I?C driver software for PCs, on disk: 
order code 1821 (see page 70). 


COMPONENTS LIST 








Fig. 4. Track layout and component overlay of the printed circuit board designed for the bus booster (two on one PCB). 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS -19 INCH STEREO RACK AMPLIFIERS 


OMP MOS-FET POWER AMPLIFIERS THOUSANDS PURCHASED CDI ed ae Ula alsa ass SUPPLIED READY BUILT AND TESTED. 
HIGH POWER, TWO CHANNEL 19 iN RAC BY PROFESSIONAL USERS These modules now enjoy a world-wide reputation for quality, retiability and pertormance at a realistic price. Four 


models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 

| dade UE y od | -110 dB. Size 300 x 123 x 60mm. 
"—— ub Sa ON j PRICE £40.85 + £3.50 P&P 











SERVICE + LARGE (Ad) S. A.E., 60 STAMPED FOR CATALOGUE * 














































OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 





THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters x 
Level controls * Illuminated on/off switch + XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load x High slew rate * Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 


SIZES:- MXF200 W19"xH3';" (2U)xD11" 
MXF400 W19"xH5'4" (3U)xD12” 
MXF600 W19"xH5*4" (3U)xD13" 
MXF900 W19"xH5*4" (3U)xD14?.," 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP X03 STEREO 3-WAY ACTIVE CROSS-OVER 
















. OMP/MF 300 Mos-Fet Output power 300 watts 
f R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
je -3dB, Damping Factor >300, Slew Rate 60V/uS, 
% T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 




































OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 

PRICE £132.85 + £5.00 P&P 







OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE €259.00 + £12.00 P&P 

















Advanced 3-Way Stereo Active Cross-Over, housed in a 19" x 1U case. Each channel has three level controis: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 
STEREO DISCO MIXER 3DJ34005E = 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 






















NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 





* CESAS à SOUND EFFECTS% 




















LOUDSPEAKER LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


mics, 8 Line for CD, Tape; Video ele. McKenzie and Fane Loudspeakers are also available. 


Price £144.99 + £5.00 P&P E EMINENCE:- INSTRUMENTS, P.A., DISCO, ETC 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The iow dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 


, TYPE ‘A’ (KSN1036A) 3' round with protective wire mesh. Ideal for 
r bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE ‘B’ (KSN1005A) 3" super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE ‘C’ (KSN1016A) 2" x5" wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 + 50p P&P. ; 

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 

TYPE ʻE’ (KSN1038A) 3*4" horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 










































ALL EMINENCE UNITS 8 OHMS IMPEDANCE 
8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE €32.71 - £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P 
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS S8dB. PRICE £36.67 + £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & £B10-50 which are dual impedance tapped @ 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 — £2.00 P&P 
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. 1O 3KHz, SENS 96dB. PRICE £30.39 + £3.50 P&P 
12" 100WATT EB1 2-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 

RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

51.” 60WATT EBS-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P 
62" 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE £10.99 - 1.50 P&P 
8" 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10" 60WATT EB 10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 — £2.00 P&P 


EE TRANSMITTER HOBBY KITS 
CAR STEREO BOOSTER AMPLIFIERS RANSMITTER HOBBY KIT 
150 WATTS (75 + 75) Stereo, 150W PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
250 WATTS (125 + 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS să 
Bridged Mono 3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL X 
» 400 WATTS (200 + 200) Stereo, 400W jj PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V 2: 0.5AMP. 
EB. Bridged Mono PRICE £14.85 + £1.00 P&P 

P ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
k Features: VERY SENS FET MIC, RANGE 100- 300m, SIZE a X Pos SUPPLY 9V BATTERY. 

























































































ibi FLIGHT CASED LOUDSPEAKERS 


A new range of quality loudspeakers, designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 





























POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 
OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 


IN-CAR STEREO BOOSTER AMP 
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k x Stereo, bridgable mono * Choice of BO + PHOTO: 3W FM TRANSMITTER 
high & low level inputs * L & R level 
PRICES: 150W £49.99 250W £99.99 
4o0W £109.95 PAP £2.00 EACH UE B.K. E LEC erie) | (ee 

“POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL ITT 
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC c i UNITS 1& 5 COMET WAY, SOUTHEND-ON-SEA, 
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND ESSEX. SS2 STR. 

ACCESS ACCEPTED BY POST, PHONE OR FAX. pum 


Teli: 0702 -527572 Fax.:0702 -420243 
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C ould the authors of ‘A Practical Method 
of Designing RC Active Filters’ which ap- 
peared in the March 1955 issue of IRE 
Transactions on Circuit Theory! have ex- 
pected that the unity-gain low-pass and 
high-pass sections would still be highly pop- 
ular 40 years later? Perhaps. Whatis certain 
is that this popularity is not misplaced: only 
two resistors, two capacitors an an operational 
amplifier are needed to construct a unity-gain, 
second-order filter with a high input im- 
pedance and low output impedance. Several 
of such second-order sections can be cas- 
caded to obtain a higher even-order filter?. 
Formulas for calculating the component 
values to obtain given cut-off frequencies 
and filter types abound’. Unfortunately, al- 
most without exception, these are intended 
for calculating the capacitor values and as- 
sume equivalent resistors. 

Figure 1 shows an example of a fourth- 
order Butterworth low-pass filter 
(f. = 1000 Hz) that has been computed with 
the aid of such formulas. Itis clear that they 
give rise to awkward values of capacitors: 
172 nF, 147 nF, 416 nF and 60.9 nF. Since ca- 
pacitors not fallingin the E12 series of values 
are virtually unobtainable, they have to be 
constructed from series/parallel combina- 
tions or have to be rounded to the nearest 
E12 value. Rounding off often results in a se- 
rious deviation of the wanted characteristic, 
while combinations of capacitors cost more 
components. 

There is, however, another way. The char- 
acteristic of the filter in Fig. 2 is identical to 
that of the section in Fig. 1. However, the fil- 
ter in Fig. 2 uses capacitors that have stan- 
dard E12 values. The price for this is that the 
resistors are no longer equivalent and have 
no E12 values. This does not matter, however, 
because 1% metal film resistors in the E96 
series, which are freely available, can be 
used. Rounding offto the nearest E96 value 
results in negligible deviations from the 
wanted characteristic. 


Computation 


Another result of using E12 value capaci- 
tors is that computing the component values 
has become rather more difficult. For this 
reason, Table 1 simplifies the design of 
Butterworth or Bessel sections of the sec- 
ond, fourth, sixth and eight order. The table 
is normalized for 1 Hz; the resistor and ca- 
pacitor values are in ohms and fards re- 
spectively. The required number of sections 
is given for each order; each section can be 


C1 


D 1u2 R3 
Ri R2 | 15k0 | 
e Een 


RC ACTIVE FILTERS 


By H. Kroeze 
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Fig. 1. Fourth-order Butterworth low-pass filter (f. = 1 kHz) designed in 
the classical manner, that is, with equivalent resistors. 
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Fig. 2. The same filter as in Fig. 1 but now with capacitors with E12 values. 





Standard values in the E96 series. 


selected from three sets of component 
values. The capacitor values in successive 
sets differ roughly by a factor 2, sothat in al- 
most all cases an optimum choice can be 
made. 

The computation is commenced by se- 
lecting a component set for each section of 
the wanted order. Dividethe values ofthe ca- 


C3 


C5 
680n 


R4 tu 
RS R6 
| 10k0 | | 6k34 | 


CA 


C6 
[ron 
Dë 


pacitors in that set by a suitable power of 10, 
say, 1 000 000, to obtain values in uF or nF. 
Multiply the resistance value by the same 
power of 10 and divide the result by the cut- 
off frequency (in Hz). Figure 3 gives an ex- 
ample of an eighth-order Bessel filter with 
a cut-off frequency of 15 Hz; the selected 
sets are indicated in Table 1. 


C7 
145 


R8 
[5K90 | 
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C8 
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Fig. 3. Eighth-order Bessel filter (f, = 15 Hz). Table 1 gives the component values. 
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' comes down to a solving a non-linear set of 

Other filters three equations with peripheral conditions. 
Thisis virtually impossible by conventional 

Figure 4 shows the basic design ofa third- means, but is fairly straightforward with 
order section?. Several books publishthede- modern mathematics software such as 
sign formulas, butthesegivethesameprob- MathCad. This program gives a fairly easy 
lems with the capacitor values as mentioned to use design table for Butterworth and 
earlier. Bessel sections—see Table 2. From this 
Selecting E12 values for the capacitors table, a set ofthe wanted type is selected, after 
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RC ACTIVE FILTERS 


which the values of the capacitors and re- 
sistors are determined as before. Figure 4 
shows a 50 Hz Butterworth filter designed 
with the aid of this table. 

Itis also possible to design a fourth-order 
section with only one opampÓ—see Fig. 5. The 
solution of ther associated set of equations 
is typified by the large ratio of C, to the other 
capacitors. This limits the application of this 
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Fig. 4. Third-order Butterworth filter (f, = 50 Hz) Fig. 5. Fourth-order Bessel filter (f, = 1 kHz) 


LP | Butterworth 


order 










order 

4 section 1 section 2 
amp R1 R2 R3 R4 
2 CI C2 





section l1 section 1 
amp RI R2 RI R2 


1 Cl C2 CI C2 
set 1 | 6.4078 3.8230| 6.5671 3.2835 
0.047 0.022 |0.055 0.022 
set 2 | 2.981 1.8079] 2.9511 1.6598 
0.1 0.047 |0.068 0.047 
set 3| 1.4647 0.7861] 1.4448 0.7224 
0.22 0.1 0.15 0.1 














order 
6 
amp 















section 3 section 1 
R5 R6 


C5 C6 


section 2 
R35 R4 
C35 C4 


section 1 
RI R2 
CI C2 

















0.12 0.1 0.22 0.1 1.5 0.1 0.12 































T 
order 

8 section 1 section 2 section 5 section 4 

amp |Rl R2 R3 R4 R5 R6 R7 R8 

4 C] C2 C3 C4 Ch C6 C7 C8 








set 1,9.8702 4.3205 7.1515 4.8787 5.4726 2.5657 1.9579 0.8648 
0.027 0.022 0.055 0.022 0.082 0.022 0.68 0.022 


set 2|4.5072 2.1353 2.8591 2.7721 2.6197 1.1429 0.9584 0.5829 
0.056 0.047 0.068 0.047 0.18 0.047 1.5 0.047 






























































set 5|2.1517 0.9902 1.5735 1.0733 1.0056 0.7648 0.3614 0.2596 
| 0.12 OI (|015 O1 | 033  O1 — 2.7 OI 8 
T 
order 
8 section 1 section 2 section 3 section 4 
amp RI R2 R3 R4 R5 R6 R7 R8 
4 Cl C3 C4 C5 C7 C8 
set 1|5.6550 2.3841 | 4.9607 2.0954 | 28 
0.027 0.022 0.033 0.022 ob b 
2.2564 10468 | 1.492 2 
set 5 : 0.3978 0.1955 
012 0.68 0.1 


0.056 0.047 0.35 0.047 
set 3| 1.6967 1.2441 0.8582 0.3600 | 1.3893 0.7428 0.7575 0.4950 
0.12 0.1 0.82 0.1 0.12 0.1 0.27 0.1 


LP Butterworth 





5 
set 1|9.4750 4.5007 6.4078 3.8250 2.0019 1.7428 6.1376 2.7008 3.7208 3.2864 2.5757 . 1.5559 
0.027 0.022 0.047 0.022 0.55 0.022 0.027 0.022 0.055 0.022 0.1 0.022 


set 2 | 4.5076 2.2342 2.9810 1.8079 1.2094 0.5434 2.8020 1.3351 2.2615 1.0186 1.1505 0.5870 
0.056 0.047 0.1 0.047 0.82 0.047 0.056 0.047 0.082 0.047 0.22 0,047 


set 3| 2.0398 1.0548 1.4647 0.7861 0.4404 0.5834 1.5255 0.6191 0.8186 0.7230 0.5429 0.2756 
0.1 0.15 0.1 0.47 0.1 


section 1 section 2 
R1 R2 R3 R4 
C3 C4 


C3 C4 CI C2 
set 1|8.1075 5.2598 3.8944 1.6425 | 6.4648 3.2252 3.9217 1.6795 
0.027 0.022 0.18 0.022 | 0.027 0.022 0.068 0.022 


set 2 | 3.5330 2.7240 1.5106 1.0811) 2.9515 1.6051 1.8774 0.7445 


0.056 0.047 0.15 0.047 










section 3 
R5 R6 
C5 C6 


section 2 
R35 R4 
C3 C4 












Table 1. Component values for designs with 1-4 operational amplifiers. Component numbers as in Fig. 3. 
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24 GENERAL INTEREST 


design to a narrower frequency range. Also, 
because of component tolerances and para- 
sitic effects, such as the finite output im- 
pedance ofthe opamp, the deviation from the 
wanted characteristic is rather larger than 
inthetwoopamp design. Nevertheless, this 
design may prove useful in situations where 
accuracy is not of paramount importance. 

The conversion to E12 values of the ca- 
pacitors in the fourth-order section, as shown 
in Table 3, is optimised for minimum ca- 
pacitor ratios. It appears that Butterworth 
filters can be designed with a capacitor ratio 
of 50, whereas in Bessel filters the ratio 
should not be greater than about 15. Figure 5 
gives a worked example of a Bessel filter 
with a cut-off frequency of 1 kHz. 

Aninteresting application ofthe one opamp 
design is that it enables replacing a second- 
order Butterworth filterin an existing equip- 
ment by a fourth-order Bessel filter. This re- 
quires no more than changing the values of 
the existing resistors and capacitors and 
adding tworesistors and two capacitors. The 
graph in Fig. 6 shows that the frequency 
characteristic of a fourth-order Bessel sec- 
tion is better than that of a second-order 
Butter-worth filter. Moreover, the Bessel fil- 
ter is phase-linear and does not produce 
ringing of pulse-shaped signals. 


Addendum 


The transfer function of a second-order fil- 
teris 


ox 


s? c OX, -s-- (02 





T(s)- 


Where œ. is int, (natural frequency), a and 
b are arbitrary factors,a = magnification, 
and s =]Jo. 





Let R,=ah; 
Ro =f; 
C,=6C; 
and Co = C, 
then: 
1 
Meo Se Le E 
RC^ab 
and 
l+a 
O = E 
jab 
l+a = av(ab) 


a2+2a +1 = a2ab 
a2+a[2 —02b]+1 =0 
a = {(a@2b-2)+VD}/2 
The denominator polynomial, Dj, is 
Djs) = [2-a?b)*—4 [1] 


Dis) = a*b?—4a?b » 0 
This can be solved only if Di.) is positive. 


a?b[ao?2b —4] » 0 
with « and b positive, so that 


LP Butterworth 
order 

3 l R2 
amp 1 l C2 


set 1 1.9499 4.4880 
0.1 0.1 

set 2 | 0.8786 1.9594 
0.22 0.22 

set A | 0.4159 
0.47 


3.8390 


0.012 


1.7919 
0.027 


0.8105 
0.056 


0.9667 
0.47 


1.5400 
0.1 


0.6367 
0.22 


0.2972 
0.47 


1.8916 
0.1 


1.0456 
0.22 


0.4929 
0.47 


2.2694 
0.022 


0.8061 
0.056 


0.3746 
0.12 





Table 2. Component values for third-order filter designed as in Fig. 4. 


Butterworth 


RI R2 R3 
Cl 


Bessel 


R1 . R2 R3 


C2 C3 C4 Cl C2 C3 C4 
set 1 1.4520 4.9960 12.860 5.5790! 0.9708 2.5580 3.5570 2.7100 
0.1 0.056 0.1 0.0022 | 0.1 0.082 0.1 0.0068 


set 2 | 0.6496 2.5760 5.5660 2.8380| 0.4406 1.0660 1.6270 1.2230 
0.22 0.12 0.22 0.0047 | 0.22 0.18 0.22 0.015 

set 3 |0.3122 1.0390 2.5460 1.4140] 0.2111 0.4647 1.7100 0.3126 
0.47 0.27 0.47 0.01 0.47 0.39 0.47 0.027 


Table 3. Component values for fourth-order filter designed as in Fig. 5. 


o2b > 4 


b > 4/02 
* o determines a minimum for b. 


Select a slightly larger b from the E-12 se- 
ries, calculate a from [1] and then C}, Co, 
RJ and Ro. 

[940060] 
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Fig. 6. Frequency characteristics of a second-order Butterworth filter and a fourth- 
order Bessel filter, both of which can be designed with only one operational amplifier. 
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RS485 INTERFACE FOR MCS-51 
MICROCONTROLLER SYSTEMS 





Practically all of today’s computer systems are equipped with 
an RS232 interface. That trusty and widely known serial 
interface enables a full-duplex link to be set up between two 
devices. Unfortunately, the applications of the RS232 interface 
remain limited to just that function. By contrast, the RS485 
standard creates many more, and more advanced, 
possibilities. This article describes the operation of the RS485 
bus, and how existing MCS51 microcontroller cards can be 
upgraded for small networking applications. 


Design by W. Hacklander 


HYSICALLY, the RS485 interface is 

an improved version of the familiar 
RS232 interface. Introduced in 1983, 
the RS485 interface is mainly suited to 
implementing control systems and 
data distribution. An important im- 
provement over the RS232 interface is 
the use of a symmetrical (‘twisted- 
pair’) link. However, this means that 
the two-wire link is only suitable for 
half-duplex connections. All transmit- 
ters and receivers are connected to the 
same two wires. Only one transmitter 
can be active at a time; all other con- 
nections are either in high-impedance 
mode, or listen to the information con- 


veyed via the link. 

In industrial applications, the 
RS485 system is often used as a local 
bus called P-net (a derivate of the 
Field-bus). In the PC environment, 
RS485 is used in SCSI and IPI inter- 
faces. In the field of domestic electron- 
ics, it could be used to create a kind of 
home bus, with some interesting spec- 
ifications: a maximum data rate in ex- 
cess of 10 Mb/s (up to 30 Mb/s under 
favourable conditions, and using a 
symmetrical cable), cable lengths of up 
to 1.200 m, and reduced susceptibility 
to noise thanks to the use of differen- 
tial inputs on the receivers. Also, the 


Input impedance: 


Max. common 


v 





RS485 bus generates very little noise 
by virtue of the low signal levels in 
combination with the differential in- 
puts. Not surprisingly, an increasing 
number of professional users turn to 
RS485 when it comes to implementing 
serial connections. 


RS485: differential to 
combat noise 


The major difference between a differ- 
ential connection and a ‘normal’ sin- 
gle-ended one is that two signal wires 
are used as opposed to one. The sig- 
nals on the two wires are always in 
anti-phase. Noise induced in the cable 
is always in phase, i.e., it has the same 
phase on the two signal wires, and is 
thus automatically cancelled at the re- 
ceiver’s differential inputs. Further- 
more, the two anti-phase signals 
automatically cancel each other's elec- 
trical and/or magnetic fields. 
Consequently, the emission of noise is 
reduced to a minimum. 

As always in transmission technol- 
ogy, the integrity of the data conveyed 
via the link is best protected by ensur- 
ing that the cable is terminated with 
the characteristic impedance. In prac- 
tice, this means that terminating resis- 
tors are fitted at both ends of the 
cable. The value of these resistors is 
equal to the characteristic impedance 
of the network. As a rule of thumb, 
this impedance is the same as the out- 
put impedance of the transmitter, 
which is 120 Q in the present case. 
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Fig. 1. Circuit diagram of the RS485 interface. 


That also restricts the length of the 
link. Even good-quality copper wire of, 
say, 0.25 mm? cross-sectional area 
represents a certain resistance. A 
practical value is about 80 Q per kilo- 
metre. Consequently, a cable with a 


length of between 1,200 and 1,500 m 
has an impedance which is equal to 
the characteristic impedance, which 
automatically gives us the maximum 
cable distance that can be used. 
Another aspect which sets restric- 


RS485 INTERFACE 


tions to the link concerns the stray ca- 
pacitance and inductance inherent to 
any electrical cable. Since data is con- 
veyed at relatively high speeds, steep 
edges appear in the signal, along with 
their associated higher harmonics. As 
the length of the cable increases, the 
harmonics level drops, so that the sig- 
nal edges are less steep. The result is 
easily guessed: data is corrupted, and 
the serial link is no longer reliable if a 
certain cable length is exceeded. 


RSA85 hardware 


The simplicity of an RS485 interface is 
illustrated by the drawing in Fig. 1. 
The SN75176 contains a complete 
transmitter and a receiver in a DIL-8 
package. The standard version of this 
IC is marked by the suffix 'A', and has 
a typical current consumption of 
35 mA. The 'B' version is much faster, 
but has a higher current consumption: 
about 42 mA. Finally, a low-power ver- 
sion is available, the SN74LBC176, 
with a current consumption of only 
1.5 mA. Remarkably, this lower cur- 
rent consumption has virtually no neg- 
ative effect on the performance of the 
IC. 

The circuit diagram indicates that 
the RS485 interface replaces an exist- 
ing RS232 interface. Furthermore, a 
microcontroller output is needed to ac- 
tuate the driver. This is achieved by 
puling the DE input logic high. A 
jumper allows you to determine which 
port line of, say, a 80C31 or 80C32, is 
used for that purpose. There is a snag, 
however: the input/output lines on all 
MCS51 [family microcontrollers are 





FUNCTION TABLE (RECEIVER) 





Vip 20.2 Vv 
—0.2 V < Vip < 0.2 V 
Vip <= —0.2V 
x 










H = high level, L = low level, ? = indeterminate, 
X = irrelevant, Z = high impedance (off) 


logic symbolt 
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L 
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FUNCTION TABLE (DRIVER) 









INPUT ENABLE 
D D 


E 
H H 
L H 
X L 





H L 
L H 
Z Z 


logic diagram {positive logic) 


' This symbol is in accordance with ANSI/IEEE Std 91-1984 and 


IEC Publication 617-12. 
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Fig. 2. Internal schematic and function table of the SN75176B RS485 bus transceiver. 
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Fig. 3. Track layout (direct reading) and component overlay of the double-function (re: 
ceiver/transmitter) PCB designed for the RS485 interface. The PCB is designed to upgrade 
existing MCS51 microcontroller systems with an RS485 interface. 


logic high after a reset. Consequently, 
the interface would be enabled imme- 
diately. This can be prevented only by 
programming, Le, writing a ‘O’ to the 
relevant port line as part of the soft- 
ware initialization. 

Resistor R; is used in conjunction 
with jumper JP, to connect a terminat- 
ing resistor on the line (if necessary: 
see below). 


The RSA85 protocol 


A single RS485 driver may be loaded 
with up to 32 receiver inputs. Since all 
receivers and transmitters in an 
RS485 network (mini LAN’) are con- 
nected to one and the same twisted- 
pair, only one transmitter may be 
active at a time. If one transmitter is 
active, all others must be in high-im- 
pedance mode. This is ensured by the 
protocol drawn up for the RS485 inter- 
face. You may even write your own 
protocol. If you have a system which 
has an RS485 interface available, only 
appropriate software is required to set 
up a local network. 

An example of a protocol that may 
be taken as a basis is found in the 
European standard for mains sig- 
nalling. No message conveyed via the 
network may take longer than 1 sec- 
ond. After such a message, a pause 
must be observed with a minimum 
length of 125 ms. During the first 


80 ms of this pause, no device is al- 
lowed to take control of the bus. After 
this part of the pause, i.e., between 
85 ms and 115 ms, any transmitter 
may attempt to take control of the bus. 
To prevent bus conflicts, all stations 
have slightly different delays, which 
enables a certain priority system to be 
set up. Transmitters with a high prior- 
ity, for example, wait 85 ms, while 
transmitters with a low priority wait 
longer, say, 110 ms. No transmitter 
has successfully taken control of the 
bus until it is capable of reading back 
a perfect copy its own transmitted 
data. Next, the communication with 
the desired receiver(s) may be initi- 
ated. A receiver must be capable of de- 
tecting whether or not data on the bus 
must be accepted or ignored. Conse- 
quently, the header must contain at 
least one address for the relevant re- 
ceiver to be selected. 


Construction 


The printed circuit board, Fig. 3, has 
been designed for compatibility with a 
microcontroller system based on an 
MCS51 device. An example of such a 
system is the 80C32 microcontroller- 
board described in Ref. 1. 

Since an RS4895 link consists of at 
least one transmitter and one receiver, 
the two functions are combined on one 
printed circuit board which is supplied 


COMPONENTS LIST 


Capacitors: - 


dendi. i oo. 





through the Readers Services. The two 
sub-boards are separated before they 
are populated. Position IC, receives an 
IC socket with long pins, which are in- 
serted into the controller socket on the 
MCS51 computer board. A wire-wrap 
socket may be used for this purpose, 
but do make sure to stack an addi- 
tional IC socket onto the one on the 
MCS51 board, because the wire-wrap 
pins are so thick that they can only be 
inserted once into the spring-loaded 
contacts of a normal IC socket. 

Fit the wire link to select the micro- 
controller port line you wish to use to 
enable the RS485 interface (connect M 
to C, D, E or F). Remove the microcon- 
troller from its socket on he MCS5I 
board, and insert a standard IC socket 
instead. In this socket insert the pins 
of the RS485 extension board. Then 
insert the microcontroller into the 
socket on the extension board. 

Any existing hardware of the RS232 
interface on the original MCS51 board 
should be disabled or even removed. If 
not, you will be faced with a bus con- 
flict at the controllers RxD input. 


Towards your own network 


When wiring up the network, be sure 
to connect all A's to A's, and B's to B's. 
The terminating resistor must be used 
at two points only, namely the start 
and the end of the link. The jumper is 
fitted only at these points — on all 
other boards, it is omitted. The circuit 
is then ready for use, and perhaps un- 
wittingly you have made the first step 
towards setting up a local network. 
(940035) 


Reference: 

1. Radio data system decoder, Elektor 
Electronics February 1991. Board 
order code: 900060, see Product 
Overview elsewhere in this issue. 
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HEATSINKS: HOW AND WHEN TO USE THEM 


A nyone who has ever designed 
r built a power supply or 


power amplifier has experienced 
the problem of heat dissipation. 
The heat produced in such equip- 
ment can be quite substantial. 
Heatsinks are normally used to 
improve the thermal capacity of 
power semiconductors and there- 
fore to enable them to dissipate 
the heat generated when they 
are in operation. With some back- 
ground information, it is not too 
difficult to calculate the size of 
heatsink required for a particu- 
lar application. 


Thermal resistance 


The thermal resistance, Ryp (or ¢), 
ofa semiconductor device can be 
expressed by 
Ry = AT/ AP, [Eq. 1] 

where Ry is expressed in ther- 
mal ohms, Tin kelvin and Pin 
watts. A kelvin (K) is equiva- 
lent toa °C, so that formulas may 
be encountered that use °C instead 
of kelvin. The idea of thermal re- 
sistance may become clearer with 
reference to Fig. 1. This shows 
a closed space, such as a room, 
which is warmed by a heater to 
a temperature 7]. Outside the 
room, the temperature is T». Ifthe 
thermal resistance of the walls 
of the room is known, it can be cal- 








By our technical staff 


culated how much heat is lost 
from the room to the outside. A 
well-insulating wall has a high 
thermal resistance, so that rel- 
atively little heat is lost to the out- 
side (AP = AT/ R4). From Eq. 1 
it appears that there is no heat 
loss when AT = 0. In Fig. 1, this 
means, of course, that the tem- 
perature in the roomisthesame 
as that outside. 

Most buildings nowadays have 
cavity walls with the space be- 
tween the two layers of bricks 
often filled with insulating ma- 
terial—see Fig. 2. The thermal 
resistance of such a wall actu- 
ally consists of several thermal 
resistances in series—see Fig. 3. 


Series resistances 


Just as in the case of a cavity 
wall, the thermal resistance ofa 
semiconductor mounted on a 
heatsink consists ofa number of 
thermal resistances in series. In 
Fig. 4, a power transistor is 
mounted on a heatsink with the 
aid of an isolating washer — note 
that the distance between these 
are shown exaggerated. The first 
thermal resistance, Io: mb, 18 be- 
tween the semiconductor junction 
(j) and the mounting base (mb). 
The second, Rip mb-h is that be- 


R th wall 
P P 
T2 T2 
: P 
B P 
936017X - 13 
Fig. 1 
bricks 
R th brick R th isolation R th brick 
R th total 936017X-15 
Fig. 2 Fig. 3 


tween the mounting base (mb) and 
the heatsink (h). The value ofthe 
latter depends on the material of 
theisolating washer and whether 
there is heat conducting paste 
present. Then there is the ther- 
mal resistance, Rin h-a, between 


directly on the heatsink, the ther- 
malresistance between the two 
is fairly low, but can be lowered 
further by the use of heat con- 
ducting paste between them. 
When a semiconductor is 
mounted on a heatsink, electri- 
calisolationis often required and 
this can be obtained by the use 
ofisolating washers. These may 
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Fig. 4. 


heatsink (h) and the ambience (a). 
A schematic representation of 
the three resistances is given in 
Fig. 5. This figure also shows a 
source of heat, Tj-T,. The flow of 
heat 1s indicated by P. 


Some guidelines 


Determining the parameters of 
a heatsink is normally started 
at the hottest point of the chain 
of resistance: the semiconduc- 
tor. Data in transistor databooks 
normally include several ther- 
mal resistances. Table 1 gives the 
thermal resistance of a number 
of popular transistor cases. Rih 
j-a is the thermal resistance be- 
tween the semiconductor and the 
ambience; this value applies only 
ifno heatsink is used. If a heatsink 
is used, thermal resistance o Ai 
applies. 

Another important property 
needed for the calculation is the 
maximum semiconductor tem- 
perature, T;. This is normally 
given in the relevant databook and 
is usually not higher than 200 °C. 

Thermal resistance Fin ob A 
is determined by the isolating 
material, ifany, between the semi- 
conductor mounting base and 
the heatsink. Table 2 shows a 
number of different mounting 
methods and the associated ther- 
mal resistances. If, for instance, 
the semiconductor is mounted 


be made from a variety of mate- 
rials: beryllia is the most expensive, 
but has the highest thermal con- 
ductivity and dielectric strength, 
followed by hardened anodised 
aluminium washers which have 
good thermal conductivity and di- 
electric strength. Mica washers 
used to be popular but they can 
crack and peel with time. High- 
temperature plastics, such as 
Kaplon and Mylar, have lower 
dielectric strength than mica, 
but they are cheaper. 

The value of the third thermal 
resistance, Rath a 1S given in the 
heatsink data. This resistance, 
given in K W-1 (occasionally in 
°C W-!), refers to a black-bodied 
heatsink that is mounted verti- 
cally (fins upwards). Table 3 
shows what happens to the ther- 
mal resistance of a heatsink in ad- 
verse conditions. Ifthe heatsink 
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R th j-mb 


J Rth mb-h 


Rth h-a 


936017X-17 


Fig. 5 


ELEKTOR ELECTRONICS JUNE 1994 


P=60W 


R th j-mb 
J R th mb-h 
R th h-a 


936017X-18 


a 


is not black, but natural alu- 
minium, its thermal resistance 
increases by 10-15%. If the 
heatsink is mounted horizon- 
tally instead of vertically, its ther- 
mal resistance increases by 
15-20%. 


Practical calculation 


To calculate a heatsink for a power 
transistor with a TO-3 case, as- 
sume that the maximum volt- 
age at the emitter-collectorjunc- 
tion is 20 V and that the emitter 
current at this voltage is 3 A. The 
dissipation is thus 3x20 = 60 W. 
This is the first data to be put 
into the heat flow diagram in 
Fig. 6a. The transistor databook 
states that the maximum tem- 
perature, Tj, ofthe semiconduc- 
tor must not exceed 200 °C. This 
is a worst-case figure: ifthetran- 
sistor were really that hot in 
practice, touching 1t would be 
very serious indeed. 





Table 1 
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P-60W P=60W P=60W 
R th j-mb Rth j-mb=1,5°C/W Rth j-mb=1,5°C/W 
T; -Ta =175*C T; -Ta =175°C T; -Ta =175°C 

Uo R th mb-h p Rth mb-h p R th mb-h=0,6°C/W 

Rth h-a R th h-a Rth h-a 

936017X-19 936017X-20 936017X-21 
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Fig. 6 


50,0 
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Next, assume an ambient tem- 
perature, T}, of 25 °C. The tem- 
perature difference, TiTa is then 
175°C. This valueis also entered 
into the heat flow diagram— 
Fig. 6b. 

The total thermal resistance, 
Rihtotap 18 calculated from Eq. 1: 


Ro tota] = AT / AP 
= 175/60 = 2.92 K W-1. 


The sum of all thermal resis- 
tances must, therefore, not be 
higher than this value. 

Fora TO-3 case, Table 1 gives 
a value for Rih jmb of 1.5 K W-1, 
and this value is entered into the 
heat flow diagram in Fig. 6c. 

The best 1solation between 
the transistor and the heatsink 
is, according to Table 2, an alu- 





Table 2 





Table 3 
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minium oxide washer in con- 
junction with heat conducting 
paste. This gives a thermal re- 
sistance, Rih mb 4, of 0.6 K W-! 


(worst case), which is also en- 
tered into the heat flow diagram— 
see Fig. 6d. 

From these data, the thermal 


p-sow Rihjmb R th mb-h Rth h-a 
Tj =200°C Ta 


1,5°C/W T 0,6°C/W 4 0,75°C/W 


936017X-23 


Tcase T heat sink 


Fig. 8 





Fig. 9 
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resistance, Rip poa, of the heatsink 
is calculated: 


Rep ha = 2.92 — (1.5 + 0.6) 
= 0.82 K W-1, 


Figure 7 shows a suitable 
heatsink with manufacturers’ 
specifications. The graph shows 
that the heatsink, cut toa length 
of 125 mm, has a thermal resis- 
tance of about 0.75 K W-1, which 
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Fig. 10 


is slightly lower than the required 
0.82 K W-!. This figure applies, 
as stated before, to a black-bod- 
ied heatsink mounted with its fins 
upwards. 


Safety and isolation 


In the calculation, the maximum 
junction temperature, Tj, was 
taken as 200 °C. In practice, itis 
advisable to build in a safety mar- 
gin and take a value for T: of 
100-150 °C. 


From the data established in 
the calculation, the temperature 
of the case and the heatsink at full 
load can be calculated with ref- 
erence to the redrawn heat flow 
diagram in Fig. 8. The temper- 
ature ofthe case, Tnb, is equal to 
thejunction temperature, T}, less 
the temperature difference be- 
tween junction and case, 7; qp. 
Thetemperature developed across 
Fay j-mb 1$ the value of the resis- 
tance times the heat flow: 


Fig. 11 


T; mb = Rh j-mb X P 
= 1.5 x 60 = 90 °C. 


Thus, the temperature of the 
case, T qp, 18: 


Tmb = Tj- Ti mb 
= 200 — 90 = 110°C. 


This shows at once that it is dan- 
gerous to touch the transistor 
case, so that during construc- 
tion great care must be taken to 
ensure that this component can 











Fig. 12 


ELEKTOR ELECTRONICS JUNE 1994 








806084X - 10 


| 
& Isolating bush 


D 
L ew 
washer 


Pa solder ta 
5 


ECH M3 screw 





Fig. 13 


not be touched accidentally. 
The temperature, T3 4, de- 

veloped across the isolating washer 

and heat conducting paste is: 


T mb-h = Rih mb-h xP 
= 0.6 x 60 = 36 °C. 


Thus, the temperature of the 
heatsink is: 


Th T T mb = T mb-h 
=110-36=74°C. 


The temperature, Th-a, devel- 
oped between the heat sink and 
the ambience is: 


Th-a = Rth h-a x 60 
= 0.75 x 60 = 45 °C. 


Thus, the ambient temperature, 
T4, May rise to 


T,-T,- T, ,-74—-45-29*C. 


When it rises above this value, 
theearlier calculated values must 
be reappraised. Even in tem- 
perature climates, the ambient 
temperature during the summer 
months may rise to 35 ?C. 

In practice, and for safety's 
sake, the semiconductor tem- 
perature, Tj, should be taken 
between 100°C and 150?C. The 
temperature, Th, ofthe heatsink 
should be not higher than the 
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maximum ambient temperature 
plus 25 °C, that is, in temperate 
climates, not higher than 60°C. 


Practicalities 


Figure 14 shows the most fre- 
quently encountered semicon- 
ductor cases with their coding. 
The thermal resistance of most 
of these cases is given in Table 1. 

To see why it is essential in 
many cases to isolate the semi- 
conductor from the heatsink, 
consider Fig. 10. Output tran- 
sistors Tg and T; are housed in 
a TO-3 case, which needs to be 
mounted on a heatsink. The col- 
lectors ofthe transistors are con- 
nected to the (metal) case, as is 
also often the case with voltage 
regulators. If the transistors 
were mounted on the heatsink 
without isolating washers, they 
would be interlinked so that the 
positive supply line would be 
short-circuited. However, even 
when there is only one semi- 
conductor on a heatsink, it is 
advisable to isolate the two. This 
may be important if, for instance, 
the fixing terminal carries a volt- 
age of >42 V, which can be lethal 
for human beings. 

Figure 11 shows a number 
of isolating parts; the tube at 
the left is heat conducting paste 
which appreciably improves the 
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heat transfer between semi- 
conductor case, isolating washer 
and heat-sink. 

The light-coloured washers are 
made of ceramic aluminium oxide, 
which has a low thermal resis- 
tance; only beryllia (beryllium 
oxide) is better, but much more 
expensive. 

The transparent ones are of 
mica, which has a fairly good 
thermal conductivity, but whose 
mechanical properties are not so 
good, as stated earlier. 

The grey washers are of sil- 
icon rubber. This material does 
not have such a good thermal 
resistance, but it offers several 
advantages. First, the washers 
do not need heat conducting paste, 
since this makes very little, if any, 
difference. Second, the elastic- 
ity of the rubber ensures good 
thermal contact even ifthe sur- 
face of the heatsink 1s rough. 
Mechanically, these washers are 
very durable. 

Theisolating bushes at the bot- 
tom righthand side are for use 
around the screws with which the 


semiconductors are fixed into 
place. 

Figure 12 shows a number 
of heat-sinks. The thermal re- 
sistance of some of them (SK71, 
SK64, SK01, SK59) depends on 
their length (they can be cut to 
the required size). The others 
can not be altered, so their ther- 
malresistance is fixed. Note the 
difference in thermal resistance 
between the black-bodied Type 
SK71/SK75 and the same size 
aluminium SK01/AL75 beside 
it. 


Fixing heatsinks 


The fixing of a heatsink often 
starts with drillingthe required 
fixing holes. This does not apply, 
of course, to predrilled types. If 
drilling 1s required, it is best to 
usetheisolating washer as tem- 
plate. In the larger heatsinks, 
the holes for the fixing screws 
may be tapped to avoid (pro- 
truding) nuts and washers atthe 
back of the heatsink. 

Figures 13 and 14 show fix- 
ing details oftwo ofthe most com- 
monly encountered semicon- 
ductors. 

TO-3-cased transistors are 
normally fixed between the fins 
of the heatsink. Since the metal 
case of these devices forms the 
third terminal, a soldertag must 
be fitted under one of the fixing 
screws for connection to the re- 
mainder of the circuit. Safety 1s 
increased, and the risk of short- 
circuits reduced, by fitting a small 
sheet of aluminium or perspex into 
the slots provided—see Fig. 15. 
There are also special covers avail- 
able for TO-3 cases. 


Finally 


Once familiarity with the fore- 
going has been gained, calcu- 
lating the parameters of heatsinks 
will have become as easy as work- 
ing with Ohm's law. 

[936017] 
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80C535 ASSEMBLER/HARDWARE 
COURSE 


PART 4 (FINAL): TIMER-2 PROGRAMMING AND 
COMPARE/CAPTURE UNIT (CCU) 


Software by Dr. M. Ohsmann 


Timer-2 interrupts 
Timer-2 can also generate interrupts. 
An interrupt is generated if it has been 
enabled (bit 5 in register IENO, see 
Fig. 7), and if subsequently the TF2 or 
EXF2 bit has been set (compare 
Fig. 9). Itis, therefore, possible to have 
an interrupt generated on an overflow, 
or a timer reload caused by an external 
event. How this can be achieved is 
demonstrated by the example below. 
Let us assume timer-2 is to generate 
an interrupt every 500 ys. The inter- 
rupt routine should toggle port line 
P1.6 on each interrupt. Consequently, 


****£* EASM52 ASSEMBLER LISTING (S35XMP05) ****** 
LINE LOC OBJ T SOURCE 

0000 ; 535XMPO05.A5I 

0000 ; 

0000 


: Special Function Registers: 
EQU 082H 

0000 DPH EQU 083H 

0000 CRCL EQU OCAH 

0000 CRCH  EQU OCBH 

0000 T2CON EQU 0C8H 

0000 IENO EQU OABH 

0000 IRCON EQU OCOH 

0000 Pl EQU 090H 

0000 Fă 

0000 
0000 
0000 
0000 ; 
0000 ORG 
4100 MAIN EQU 
4100 MOV A,#6 

4102 MOV DPTR, #INTT2 

MOV COMMAND, fCCLINK 
LCALL MON 


; MONITOR INTERFACE 

; MONITOR: command location 
; MONITOR: jump address 

: Interrupt chaining routine 


COMMAND EQU 
MON EQU 
CCLINK  EQU 


030H 
0200H 
040H 


; Program starts at 4100H 


4100H 
$ 


; Index for TF2 interrupt 


4105 
4108 
410B 
410B 
410E 
4111 


NNN FS 


; Chain INT TF2 


MOV DPTR, #-500 
MOV CRCL,DPL 
MOV CRCH,DPH 


; 500 microseconds (16 bit value) 
; Set reload value 


NNN 


the main program must initialize 
timer-2 accordingly, and may then 
enter into an endless loop. The inter- 
rupt routine, triggered by timer-2, 
then does the actual work. 

The assembler code program writ- 
ten for the above function is shown in 
Fig. 12. Lines 18 through 21 of the 
program ensure that interrupt routine 
INTT2 is executed when a timer-2 in- 
terrupt occurs (compare the 
EMON51/52 documentation). Lines 
23, 24 and 25 cause the reload register 
to be loaded with a value of 500. Next, 
line 27 puts timer-2 into the right 
mode: use the 1-MHz internal clock, 
and automatic reloading. Next, the 
timer is actually started. 

By setting the corresponding bits in 
interrupt enable register IENO 
(line 28), interrupts generated by 
timer-2 are allowed. The endless loop 
is entered in line 29. 

The interrupt routine is short — a 
typical three-liner. Line 32 toggles port 
line P1.6. Line 33 resets the timer-2 
overflow flag, while the RETI instruc- 
tion in line 34 ends the interrupt pro- 
cessing. 

The program, which may be found 
on your course disk as file 
535XMP05.A51, is sent to the 80C535 
SBC using the V24 utility, and then 
started as usual. If you wish to con- 
vince yourself of the operation, hook 
up the little circuit shown in Fig. 13, 
which will make the 1-kHz tone audi- 
ble. 

Next, a couple of questions, to spur 


4114 
4114 
4117 
411A 
411C 
411C 
411C 
411E C 
4120 
4121 


NN pum mme ae pm m 
———— | ke bi ed nd n ml 
MI 


NNN 


NOPE SJMP NOPE 
i 


INTT2 CPL P1.6 
CLR IRCON.6 


RETI 


q^ or pn 
N OBS MS 
ded haul kass 


4121 END 


MOV T2CON,#00010001B 
MOV IENO,#10100000B 


; T2 mode: reload at 1 MHz clock 
; Enable T2 interrupt 
; Main program does nothing else 


; TIMER 2 interrupt routine 
; Generate output signal 

; Reset T2 interrupt flag 

; Done 


***£t**t*ík SYMBOL TABLE (14 symbols) ******ksas 


DPL :0082 DPH :0083 
T2CON :00C8 IENO :00A8 
COMMAND :0030 MON :0206 
NOPE :411AÀ INTT2 :411C 


CRCL :00CA 
IRCON :00C0 P1 :0090 
CCLINK :0040 


CRCH :00CB 


MAIN :4100 
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Fig. 12. Timer 2 as a 16-bit reload timer. Example 535XMP05.A51 on your course disk. 


you into modifying the program, and 
so deepen your programming skills. 
What is the simplest way to change the 
program so that it generates a 500-Hz 
tone? What are the lowest and highest 
frequencies that can be generated? A 
further interesting point: is the 
mark/space ratio of the signal at P1.6 
exactly 1:1, and is this independent of 
the reload value and the main pro- 
gram? 

The above questions/assignments 
already hint at other, often more com- 
plex, aspects of timer programming. In 
the following example, timer-2 is used 
in conjunction with the compare-cap- 
ture unit, CCU, to have the 80C535 
perform an accurate time measure- 
ment. 


Receiving time marks 


The schematic structure of the CCU is 


P1,6 (K8 pin 9) 


/ 


1/6 74LS14 


an 
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Fig. 13. External circuit to make the tone 
generated by the program listed in Fig. 12 au- 
dible. 
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Block Diagram of Timer/Counter 2 
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CCL2/CCH2 


Fig. 14. Overview of CCU structure. 


Capture with Registers CC1 to CC3 


"Write to 
CCL1" 


P1.1/ INT4/ CC1 





CRCL /CRCH 
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Timer 2 
Interrupt 
Request 


External 
Interrupt 4 
Request 





Fig. 15. Capture operation using register CC1 (or CC2, CC3). 


shown in Fig. 14. Timer-2 is comple- 
mented by three auxiliary 16-bit regis- 
ters: CCL1/CCH1, CCL2/CCH2 and 
CCL3/CCH3. In ‘capture’ mode, these 
registers serve to latch the state of 
timer-2 on the occurrence of a signal. 
Timer-2 however is not stopped. This 
allows the instant the latching signal 
occurs to be timed with some preci- 
sion. If you do not use the reload op- 
tion of timer-2, the 16-bit register 
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CRCL/CRCH may be used as a fourth 
capture register. If you wish to use 
capture register CCl, the signal path 
shown in Fig. 15 should be observed. 
Two capture modes are available. In 
mode O, a rising (positive) edge at P1.1 
(INT4; CCl) is used as the capture 
event. When a positive-going signal 
edge is detected, the current state 
(count) of timer-2 is copied into the 
capture register. At the same time, flag 





IEX4 (bit 3 in the IRCON register) is 
set. Provided interrupt 4 has been en- 
abled, an interrupt is actually gener- 
ated. In mode 1, the capture event is 
controlled by a write action into regis- 
ter CCL1. This enables the current 
state of timer-2 to be 'captured' with- 
out having to stop the timer. Similar 
signal path options apply to capture 
registers CC2 and CC3; only other bits 
on port Pl and other interrupts are 
used (compare Fig. 14). If you wish to 
use the CRC register as a capture reg- 
ister, Fig. 15 should be exchanged 
with Fig. 16. This gives you the addi- 
tional option of using the positive or 
the negative signal edge at port P1.1 as 
the capture event. This selection is 
made via bit 6 in the T2CON register. 
since the same registers are used for 
the 'compare' mode of the CCU (de- 
scribed further on), the register func- 
tions and modes must be laid down 
beforehand. This is achieved by pro- 
gramming the CCEN register at ad- 
dress OC1H, whose bit functions are 
shown in Table 4. 


Capture in practice 


As an example, Fig. 17 shows a circuit 
which is used to delay a TTL signal. 
Your assignment is to write a program 
to determine the delay of the positive 
signal edge. To begin with, a long last- 
ing low level is programmed on port 
line P1.7. This signal should last until 
Cl is fully charged. Next, a positive 
edge is generated at P1.7, and timer-2 
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Capture with Registers CRC, CC4 


Timer 2 
interrupt 
Request 


Input 
Clock 


——- TF2 


"Write to 


CRCL" 
Mode 1 
Capture 
P1.0: INT 3: 
Mode Ee? 


o EM 


External 
Interrupt 3 
Request 


IEX3 


Fig. 16. Capture using reload register CRC. 


P1,7 (K8 pin 10) 


7AHCT 14 
P1,1 (K8 pin 4) 


| el Ue 
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Fig. 17. This circuit delays the P1.7 signal. The delay is measured by the microcontroller. 


CRC register 

Compare/capture disabled 

Capture on signal edge (selectable pos. or neg.) at P1.0 
Compare enabled 

Capture on CRCL Write 


CC1 register 
Compare/capture disabled 
Capture on rising edge at P1.1 
Compare enabled 

Capture on CCL1 Write 


CC2 register 
Compare/capture disabled 
Capture on rising edge at P1.2 
Compare enabled 

Capture on CCL2 Write 


CC3 register 
Compare/capture disabled 
Capture on rising edge at P1.3 
Compare enabled 

Capture on CCL3 Write 


Table 4. Bits in the compare-capture-enable register, CCEN at address 0C1H. 











is started at a clock of 1 MHz (without 
a reload value). The counter state is 
captured by the delayed edge at port 
line P1.1. The occurrence of the cap- 
ture event is flagged by the set IEX4- 
bit. Next, the value contained in 
capture register CCl must be output 
in decimal notation. The value equals 
the signal delay in microseconds, with 
a negligible error. 

Figure 19 lists the program written 
to perform the complex function sum- 
marized above. To begin with, the 
input signal to the circuit in Fig. 17 is 
made low. In line 18, timer-2 is 
stopped, and a delay of about 30 ms is 
inserted. Next, timer-2 is reset to O in 
lines 22 and 23. Line 24 causes regis- 
ter CC1 to function as a capture regis- 
ter, whereupon flag IEX4 (the capture 
flag of CC1) is reset. Also, the timer-2 
overflow flag, TF2, is cleared (line 26). 
The measurement proper starts in 
line 27 by starting timer-2 (how is it 
programmed at that time?), and by 
having P1.7 generate a rising edge at 
the input of the circuit in Fig. 17. In 
lines 29 and 30, the processor waits 
for the capture event to occur 
(IRCON.3 becomes 1), or a timer-2 
overflow (IRCON.6 becomes 1). When 
timer-2 produces an overflow before 
the capture event occurs, the overflow 
flag is reset, and a new measurement 
is attempted. This happens when, for 
instance, the test circuit (Fig. 17) is 
not yet connected to the 80C535 com- 
puter, or if C, is so large that the delay 
of the signal edge lasts longer than 


: 65,535 ps. 


Normally, however, the capture 
event will happen first, whereupon the 
processor will start to execute the in- 
structions after the label ‘capture’. 
First, the IEX4 (IRCON.3) flag is reset, 
and the capture value is stored into in- 
ternal RAM, CCL1/CCHI1, as a 16-bit 
value. Next, the value is sent to the 
hex-to-decimal conversion routine in 
EMONS51/52 (lines 37, 38 and 39), 
from where it is sent to the terminal 
via V24. As a guide, the test circuit 
produced a value of 14,000 pus in sev- 
eral experiments carried out by the au- 
thor. Next, a new measurement is 
started. Note that the input signal had 
already been reset to low in line 36. 

Questions and assignments: how 
can the program of Fig. 19 be modified 
to measure the delay of a negative sig- 
nal edge? Why would you want to use 
the CRCL/CRCH pair as a capture reg- 
ister? If you are capable of mastering 
this assignment (the result of which 
should be verified using an oscillo- 
scope), it is likely that you have under- 
stood the basic functions and 
programming of the CCU in ‘capture’ 
mode. 

One more assignment: how do you 
go about measuring times in excess of 
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Fig. 18. Signal timing for the delay measure- 
ment performed by the program in Fig. 19. 


65,535 us? Tip: set up a software 
counter which is increased by one 
every time a timer-2 overflow occurs. 
This counter is stopped when the cap- 
ture event occurs. 


CCU in ‘compare’ mode 


The CCU may be used in ‘compare’ 
mode to generate pulsewidth-modu- 
lated signals. Via the CCEN register, 
each of the register units CCI, CC2, 
CC3 and, in some cases, CRC also, 
may be individually switched to ‘com- 
pare’ mode. In compare mode, the con- 
tents of the relevant compare/capture 
register (for instance, CCl) is com- 
pared to the contents (state) of timer-2. 
A compare signal is generated if the 
two 16-bit values are equal. Depending 
on the mode selection, this signal can 
cause two different processes: 


Mode O 

In mode O, the compare signal is used 
to toggle one of the output bits. This 
may be used, for instance, to generate 
a pulsewidth-modulated signal. For 
this mode of the CCU to be selected, 
bit 2 (T2CM) in the T2CON register 
must be set to O. 

In the following discussion, it is as- 
sumed that CCl is used. Conse- 
quently, the signal generated in 
compare mode appears at port line 
P1.1. The structure of the output dri- 
ver is then as shown in Fig. 20. The 
compare signal sets the output 
bistable, which is reset when timer-2 
produces an overflow. 

Now, let us tackle pulsewidth mod- 
ulation in practice. To begin with, 
timer 2 is programmed to operate in 
reload mode. The reload value (con- 
tained in the 16-bit CRC register) then 
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****** EASM52 ASSEMBLER LISTING (535XMPO6) Aaa 
T 


LINE LOC 

0000 

2 0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0050 
0052 
0052 
4100 
4100 
4102 
4104 
4107 
410A 
410D 
4110 
4113 
4116 
4119 
411B 
411D 
4120 
4122 
4125 
4128 
412A 
412D 
412F 
4132 
4135 
4137 
4139 
413C 
413F 
4142 
4145 
4148 
414B 
414E 
414E 
414E 
414E 
414E 
414E 
414E 


kkkk*&***t**À SYMBOL TABLE 
T2CON 


CCL1 


nLOW 


CAPTURE 
CCLTIME 


OBJ 


:00C8 
:00C2 
:0050 
:412D 
:0021 


T2CON 


TL2 
TH2 


CCEN 
CCL1 
CCH1 
IRCON 


Pl 


D 
, 


nLow 


D 
‘ 


MAIN 


LOOP 


CAPTURE 


SOURCE 


EQU 
EQU 
EQU 
EQu 
EQU 
EQU 
EQU 
EQU 


ORG 05 
DS 2 


ORG 
EQU 
SETB 
CLR 
MOV 
MOV 
MOV 
LCALL 
MOV 
MOV 
MOV 
CLR 
CLR 
MOV 
SETB 
JB 
JNB 
CLR 
LJMP 
CLR 
MOV 
MOV 
CLR 
MOV 
MOV 
LCALL 
MOV 
MOV 
LCALL 
LJMP 


TXT2 DB 


CCSTXT 

CCdRO16 
CCLTIME 
COMMAND 


MON 


(19 

TL2 
CCH1 
MAIN 
TXT2 
COMMAND 


EQU 
EQU 
EQU 
EQU 
EQU 
END 
symbols) 
: 00CC 
:00C3 
74100 
:414B 
:0030 


OC8H 
OCCH 
OCDH 
OCIH 
DC AH 
OC3H 
OCOH 
090H 


oH 


4100H 

$ 

P1.1 

P1.7 

T2CON, #0 
DPTR , #30 
COMMAND, #ccLTIME 
MON 

TL2 , 40 

TH2, 40 

CCEN , #00000100B 
IRCON. 3 

IRCON. 6 


T2CON, 4000000018 ; 
; Signal = High 

; Wait for capture-flag 

; If neccessary wait for T2 overflow 

; Clear overflow flag 

; No capture within 65536 microsec 

; Reset capture flag 

; Capture register CCl as 16 bit value 
; Store in internal RAM 

; Signal = 
; Output capture value decimally via V24 


P1.7 
IRCON. 3 , CAPTURE 
IRCON.6,WAIT 
IRCON. 6 
LOOP 

IRCON.3 
nLOW,CCL1 
nLOW+1,CCH1 
P1.7 

RO, £nLOW 


COMMAND, #ccadRO16 


MON 

DPTR, #TXT2 
COMMAND, #ccSTXT 
MON 

LOOP 

13,10,0 


002H 
005H 
021H 
030H 
0200H 


*ck de deo e e 
TH2 :00CD 
IRCON :00C0 
LOOP :4102 
ccSTXT :0002 
MON :0200 


; MONITOR: 


; MONITOR: 


CCEN 


WAIT 
CCdRO16 


? 535XMP06.A51 
; Special Function Registers 


; Start address in internal RAM above EMON51 
; 16 bit variable 


; Program starts at 4100H 


: To make sure, enable for use as input 
; Signal - 
; Stop TIMER/COUNTER 2 
; Wait a while (30 ms) 


Low 


; Reset TIMER/COUNTER to 0 


; Capture mode for CCl 
; Clear capture flag IEX4 
; Clear T2 overflow flag 


Start TIMER/COUNTER 2 (no Relaod) 


LOW 


; Send text 


; And do again 


; MONITOR calls etc. 
; Send text 
; Send 16 bit value GRO decimal 


command location 
jump address 


:00C1 
Pl :0090 
24122 
20005 
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Fig. 19. Listing of the propagation delay meter, a practical example of how the CCU's capture 
mode is used. This is example program 535XMP06.A51 on your course disk. 


determines the period of the signal. If 
the reload value is, for instance, 
OFFOOH, the period has a length of 
256 ys if the internal 1-MHz clock is 
used. Assuming that the CCI register 


Port Latch in Compare Mode 0 
Compare J L- 


Read Latch 


Internal 


Bus 5 g o 
Bus Access Disabled 
Write to 


Latch 


Read Pin 
Timer 2 Overfiow 





contains the value OFFO1H, the output 
bistable is set immediately after the re- 
load, and is not reset until the next re- 
load operation. In this way, a signal is 
produced which is at logic 1 for 255 of 


Fig. 20. Output port bit circuitry in CCU compare mode 0 (PWM mode). 
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Fig. 21. This circuit and the listing in Fig. 22 implements a lamp brightness control using 


pulsewidth modulation. 


256 ys. If the CCI register contains, 
for instance, the value OFF80H, the re- 
sulting signal has a mark/space ratio 
of 1:1, i.e., 128:128 us Thus, the 
pulsewidth is a function of the value 


written into the CC1 register. 

Moving to more practical aspects of 
our example, two potentiometers, P, 
and P5, are to be used to control the 
intensity of two lamps. As shown in 


****** EASM52 ASSEMBLER LISTING (535XMPO7) ****** 


LINE LOC OBJ 
0000 
0000 ; 
0000 ACC EQU OEOH 
0000 DPL EQU O82H 
0000 DPH EQU 083H 
0000 ADCON EQU OD8H 
0000 ADDAT EQU OD9H 
0000 DAPR  EQU ODAH 
0000 ; 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 ; 
0000 T2CON EQU OC8H 

0000 TL2 EQU OCCH 

0000 TH2 EQU OCDH 

0000 ; 

0000 ORG 4100H 
4100 75 MAIN MOV CRCL,#0 
4103 75 MOV CRCH,#255 
4106 75 MOV CCL2,#0 
4109 75 MOV CCH2,#255 
410C 75 MOV CCL3,#0 
410F 75 MOV CCH3,#255 
4112 
4112 75 


SOURCE 
535XMPO? 


CCEN EQU OC1H 
CCL2  EQU OC4H 
CCH2 EQU OC5H 
CCL3 EQU OC6H 
CCH3 EQU OC7H 
CRCL  EQU OCAH 
CRCH  EQU OCBH 


AANA Ai KMA 


4115 75 
4118 74 
411A 12 
411D F5 
AllF 74 
4121 12 
4124 F5 
4126 80 
4128 
4128 44 
412A F5 
412C 75 
412F 20 
4132 E5 MOV A,ADDAT 
4134 22 RET 

4135 END 


MOV A,#0 
LCALL ADC1 
MOV CCL2,A 
MOV  A,f1 
LCALL ADC1 
MOV CCL3,A 
SJMP LOP 


Ne N IR NR Ad 


MOV ADCON,A 
MOV  DAPR, #0 


La Lem am Leg Äem Lem) m rem mara mm m rnc m 


fo H4 NN ee 
Val i a oi o CL AL V a Cá kel Ca Keel LL i 


MOV CCEN,#10100000B 
MOV  T2CON,£00010001B 


ORL A, #000100008 


JB ADCON.4,BSY 


; Special Function Registers 


; Program starts at 4100H 
; Reload value is OFFOOH 


; Compare value=0FFO90H on CC2 and CC3 


; CC2 and CC3 to COMPARE 

; Reload at 1 MHz clock 

; Channel 0 

? convert A-to-D 

; and use as LSB of COMPARE value 
; Channel 1 


; provides LSB of CC3 


; Set start ADC bit 

?* Set A-D control 

; Start A-D conversion 0-5 Volt 
; Wait until ready 

; Fetch result 


Fig. 21, the wiper voltage of the pots 
has a range of 0 to 5 V. These voltages 
are digitized with the aid of the ADC 
contained in the 80C535 microcon- 
troller (channels O and 1). The con- 
verted values (between O and 255) are 
to be used to generate two PWM sig- 
nals at pins P1.2 and P1.3. For this 
purpose the CC2 and CC3 compare 
registers are used, with the respective 
PWM outputs on pins P1.2 and P1.3. 
The complete program is listed in 
Fig. 22. 

The period of the PWM signals is 
fixed at 256 ys in lines 23 and 24. The 
high-order bytes of the CC2 and CC3 
compare registers are set to OFFH (255 
decimal) The low-order byte is re- 
served for the result of the A-to-D con- 
version. In line 30, CC2 and CC3 are 
programmed to operate in compare 
mode. Next, timer-2 is programmed in 
line 31. At the same time, the entire 
CCU is switched to compare mode 0. 
From then on, PWM signals are auto- 
matically generated. 

The loop starting at label LOP only 
serves to make sure that the compare 
registers are always loaded with the 
values after the A-to-D conversion. 
First, the voltage at channel 0 is con- 
verted (lines 32 and 33, and subrou- 
tine ADC]1). The result is written into 
the CCL2 register. Next are ADC chan- 
nel 1 and CCL3, and then the program 
starts again by looping back to LOP. 

As a suggestion for an assignment, 
try your hand at something really com- 
plex: program a mains-synchronized 
three-phase control dimmer for 12-V 
halogen lamps using CCl, CC2 and 
CC3. 


Mode 1: generating exact signals 

So far we have restricted ourselves to a 
discussion of the CCU's compare 
mode 0. The other mode, mode 1, is se- 
lected by setting bit 2 (T2CM) in the 
T2CON register. This selects the out- 
put port configuration shown in 
Fig. 23. It is assumed that CCI is to 
be used. In this mode, writing to port 
line P1.1 does not copy the bit value 
directly to the output latch, but into a 
shadow register, where it is latched. 
The bit is not copied to the output reg- 
ister until the next compare signal is 
supplied by CCl. This mode serves to 
enable jitter-free signals to be gener- 
ated under software control. The soft- 
ware must always write the new bit 


mania SYMBOL TABLE (20 symbols) ****kkkkàk 
ACC :00EO DPL :0082 DPH :0083 
ADDAT :00DA CCEN 
CCH2 :00C6 CCH3 
CRCH :00C8 TL2 
MAIN :4118 ADC1 


value into the shadow register in time, 
that is, before the next compare signal 
appears. 

Since there is only one bit, T2CM, to 
make the selection between compare 
mode 0 and mode 1, all compare regis- 
ters have to be used in the same mode. 
Individual CC registers may, however, 
be used in capture mode, irrespective 
of the compare mode selected. This is 


:00D9 DAPR 
:00C5 CCL3 
:00CB T2CON 
74100 LOP 


:00C1 
:00C7 
:00CC 
:4128 


920152 - 13 





Fig. 22. Two-channel pulsewidth modulation is demonstrated by this example program, 
535XMP07.A51, on your course disk. 
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COMPUTERS AND MICROPROCESSORS 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


"... there is no doubt that running under Windows puts it ahead of the 
field and makes it a visually attractive package." Electronics World + 
Wireless World July 1993 


High Quality PCB and Schematic Design for Windows 3/3.1 and DOS 


9 Supports over 150 printers/plotters including 9 or 
24 pin dot-matrix, DeskJet, LaserJet, Postscript, 
and HPGL. Professional Edition imports GERBER 
files, and exports GERBER and NC-DRILL files. 


Up to 200,000 pads/track nodes depending on 
memory. Simple auto-router and schematic capture 
tools with SPICE compatible net-list output. 


Low cost DOS version (reduced features) also 


available. Ring for full details! 


"Quickroute provides a comprehensive and effective introduction to PCB 
design which is a pleasure to use" Radio Communication May 1993. 


m 


POWER. ware 


Software . 
e Design 


achieved by setting the relevant bits in 
the CCEN register. 

The description of the CCU in the 
80C535 datasheets covers quite a few 
pages. Only the most elementary as- 





pects are covered in this last instal- 
ment of the course. The exact timing of 
the individual steps, for instance, is 
not covered here since it is a too exten- 
sive subject. 


Compare Function of Compare Mode 1 


Compare Register Circuit 


Compare Latch 


Comparator 


Timer Register 


Timer Circuit 





: Shadow Latch 


JL [Compare Signal 


Port Circuit 


: Output Latch 


Fig. 23. Output port bit circuitry in CCU compare mode 1. 


Base ER 
S C g.5 OC 1.0 
2.0 Cen C 10.0 


HotX 2100 Y 2300 


JJno Imn 


POWERware, Dept EK, 14 Ley Lane, Marple Bridge, Stockport, SK6 5DD, UK. 


Contact Tel/Fax 061 449 7101 or write, for a full information pack. 
Quickroute is available for Windows 3/3.1 in Professional (£99.00) and Standard (£59.00) editions 
and for DOS with reduced features (£49.00).All prices inclusive.Add £2 P&P for UK or £5 P&P outside UK 


Outlook 


The discussion of the main functions 
and programming options of the CCU 
brings us to the end of the present 
short course. The questions, sugges- 
tions and assignments may be used as 
exercises in practical programming of 
the 80C535. In all cases, the programs 
found on your course disk may be 
used as a starting point for your own 
experiments. (920152-4) 


For further reading: 

Siemens, SAB80C517/80C537 Single- 
Chip Microcontroller Data Book. 
Siemens, 80C515/80C535 datasheets, 
in Microcomputer Components, 
Microcontrollers, Data Catalog 1990. 


Note: 

in response to readers’ enquiries we 
would suggest the following suppliers 
of the SAB80C535 microcontroller: 

» Electrovalue, Unit 3, Central Trading 
Estate, Staines TW18 4UX, England. 
Tel. (0784) 442253, fax (0784) 460320. 
» C-I Electronics, P.O. Box 22089, 
6360-AB Nuth, Holland. Fax: (+31) 45 
241877 (IC supplied incl. of free 
datasheet). 

C-I Electronics also supply kits of the 
80C535 computer. tech. ed. 
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A SMALL SAMPLE OF OUR RANGE 


ROOM TRANSMITTER RT1 An extremely ` 
sensitive miniature transmitter with long battery life. 
Dimensions: 20 x 20mm 





MAINS TRANSMITTER MT4 Can be connected 
inside any equipment that is mains powered. 
Dimensions 35 x 20mm 


TELEPHONE TRANSMITTER TTS Small enough 
to conceal within a telephone. Wili transmit both sides of 
a conversation (series connection) 

Dimensions: 10 x 20mm 


| TELEPHONE SOCKET TRANSMITTER TSTS 


Replace your telephone socket with this one within 
which a transmitter has been concealed. 


ROOM AND TELEPHONE TRANSMITTER RTT |: 
Operates as a room transmitter, then switches to : 
telephone transmitter mode during telephone calls. 
Dimensions: 30 x 25mm 


AUTOMATIC TELEPHONE RECORDER 
SWITCH TRS2 Record telephone conversations with 
this interface unit and your own tape recorder. 
Dimensions: 36 x 50mm 


AUTOMATIC TELEPHONE RECORDER ATR1 


Adapt the tape recorder included to record telephone 
calls automatically. 


TELEPHONE TAP ALERT TTA? Visual warning 


of any invasions of privacy on your telephone line. 
Dimensions: 38 x 52mm 


RF DETECTOR RFD1 Highly sensitive hand-held 
detector. Range between 10Mhz and 600Mhz. Silent 
operation. Dimensions: 70 x 50mm 


CAMERA DETECTOR CDR Detects hidden video 
cameras (even miniature CCD models). 
Dimensions: 63 x 38mm 


RECORDING BRIEFCASE RBC1 Completely 


discreet recordings at a value for money price. 


SHOTGUN MICROPHONE AMPLIFIER SMA 
Ideal for surveillance. The amplifier will pick up sounds 
from a long distance. 


SIGNALLING TRANSMITTER SIGT sends a 
continual audio pulse. Can be integrated into alarm, 
tracking or warning systems. Dimensions: 20 x 50mm 


TELEPHONE AMPLIFIER TA5 Connected directly 
to the telephone, this unit will amplify both sides of a 
telephone call. Dimensions: 25 x 52mm 


PROFESSIONAL SOUND TO LIGHT UNIT 
SK72 Custom built for disco or home use. Audio signal 
divided into bass, mid and treble bands, with interna 
microphone and spotlight option. 

Dimensions 210 x 45mm 


MICRO METAL DETECTOR MMD Detect the 
presence of ferrous and various non-ferrous metais. 
Useful for all those DIY jobs. Dimensions: 40 x 25mm 


Please add £2.00 P & P to all orders and 17.5% VAT on all U.K. orders. 


For full catalogue please send two 1st class stamps or 2 IRC'S 


172 Caledonian Road 
Dept EL 


London N1 OSG 
CANAL] [BRIDGE AUDIO 


INTELLIGENT EPROM ERASER 


Time is money, and the shorter one has to wait for an EPROM to be erased, the better. 
The circuit described here will save you time because it keeps a constant eye on the 
contents of the EPROM, leaving the UV lamp on no longer than necessary for the 


PROMs are ideal devices for soft- 

ware developers because they can 
be programmed fairly quickly, and re- 
tain their contents for ten years or 
longer. On the down side, erasing an 
EPROM, because it contains an error 
made during the software development 
phase, can be time consuming. On av- 
erage, an EPROM will have to be ex- 
posed to ultra-violet light for a period 
of between five and fifteen minutes be- 
fore you can be sure that it is blank 
again. In practice, this time has to be 
established by trial and error, and 
large differences may exist between de- 
vices. In most cases, the actual time 
required to erase the EPROM is never 
known. In other words, the UV expo- 
sure period is always too long, and 
precious time is wasted. 

The present circuit tackles EPROM 
erasing in a novel way. The EPROM to 
be erased is inserted into the socket of 
the eraser. Next, the erasure process is 
started by the circuit lighting an UV 
lamp or small tube. The contents of 
the EPROM are continuously read, 


device to be completely erased. 


Design by A. Rietjens 


until all cells read FFy. Just to make 
sure you understand the principle: an 
EPROM is fully erased when all its 
memory cells (which are basically 
bistables) are at logic '1'. All memory 
locations then read back ‘FF. A cell is 
programmed by making it logic 'O'. 

Once all cells read ‘FFy’, the lamp is 
left on for about one minute. This is 
done to make sure that all cells are 
properly cleared, including those who 
are at an undefined state between 
erased and still programmed. In this 
state, a cell can ‘relapse’ into the pro- 
grammed state shortly after the lamp 
has been switched off. The extra era- 
sure time guarantees that can not 
happen. 


The circuit 


The circuit shown in Fig. 1 is reason- 
ably simple. The central part is formed 
by position IC5, the EPROM to be 
erased. The EPROM is powered, and 
its CS and OE inputs are permanently 
actuated. This causes the EPROM out- 





puts to be enabled during the entire 
erasure period. For a complete check 
to be made on the EPROM contents, 
the entire address range has to be 
scanned. This is done with the aid of a 
16-bit address counter, IC,-ICo. The 
first, IC), is a combined counter/oscil- 
lator. Because the counters output 
range is not continuous (spanning Q3 
through Q13, but with Q10 missing), a 
second counter is cascaded. Outputs 
Q3-Q9 of IC, drive address lines AO- 
A6. Output Q9 is also used to clock the 
second counter, ICs, which drives the 
remaining address lines, A7-A15, as 
well as the lamp interface, via output 
Q11. 

The circuit diagram clearly indi- 
cates that there is no direct connection 
between address lines A14-A15 and 
the EPROM to be erased. This enables 
EPROMSs with different memory capac- 
ities to be erased. The entire 16-bit ad- 
dress range is used by the 27x512 
only. Depending on the selection made 
with switch Su, 27x256 and 27x128 
devices may be handled also. 

Circuit IC4 checks the contents of 
the memory location selected by the 
address counter. Its PzQ output, 
pin 19, goes low only if the memory lo- 
cation reads back FF, whereupon 
the 16-bit counter is allowed to start. 

A further safety measure involves 
the use of a HCMOS type for ICs. This 
fixes the logic levels at around half the 
supply voltage (in this case, 2.5 V). 
Since EPROMs are traditionally used 
in a standard TTL logic environment, 
where '0'«0.7 V, and ‘1’>2 V, an extra 
voltage margin is obtained for the level 
comparison. 

The circuit is powered by a conven- 
tional supply. The transformer sec- 
ondary voltage is first rectified by 
diodes D;-D;, then smoothed by reser- 
voir capacitor C4. Next, the familiar 
7805 is used to step the unregulated 
voltage down to a regulated +5-V rail. 


Circuit operation 


As soon as the supply is switched on, 
pin 19 of ICs will supply a logic high 
level — but only if an EPROM is in- 
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Fig. 1. Circuit diagram of the intelligent EPROM eraser. Build it, and keep EPROM erasing time to an absolute minimum. 


serted which is not blank. As a result, 
IC, and IC, are reset, and their out- 
puts go low. This causes transistors 
Tı, To and Ts to be switched off, so that 
LED D; lights, and the relay is ener- 
gized via T4. The UV lamp is switched 
on, and the erasure process is started. 


Once the first memory location has 
been cleared, the address counter is 
enabled by IC3, and counting (i.e., ad- 
dress scanning) may commence. If an 
address is found which reads a value 
other than 'FFu', the counter is reset, 
and the counting operation starts 
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Fig. 2. Pinouts of the EPROMs that can be erased with the circuit. 
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again. When all cells are erased, the 
counter may continue to work until 
Q11 of IC» goes high. That happens 
about one minute after the counter 
has been started, depending, of 
course, on the clock frequency used. 
This provides the previously men- 
tioned extra erasure time. When Q11 
goes high, transistor T; starts to con- 
duct, causing the oscillator in IC; to be 
disabled. Transistor T4 then starts to 
conduct also, which causes the relay 
to be switched off. Consequently, the 
UV lamp goes out, and the erasure 
process is finished. LED Dg lights ta 
indicate that the circuit may be 
switched off, and the EPROM removed 
from the ZIF socket. 


Construction 


The construction of the intelligent 
EPROM eraser is made relatively easy 
by a printed circuit board which may 
be obtained through our Readers 
Services. The artwork is shown in 
Fig. 3. All parts, except the UV lamp, 
are accommodated on the board. Ta 
make exchanging EPROMs on the 


GENERAL INTEREST 





Fig. 3. PCB artwork. The board is compact, and is fitted into a metal case, together with the 
UV lamp. 


eraser as easy as possible, it is recom- 
mended to use a 28-way ZIF (zero in- 
sertion force) socket. 

The completed printed circuit board 
is fitted into a closed box, together 
with the UV lamp. The box must be 
fully closed because the light emitted 
by the UV lamp is harmful to the eyes 
and the skin. In all cases, keep expo- 
sure to this UV light to an absolute 
minimum. As an extra safety measure, 
a microswitch is connected in series 
with the UV lamp. This switch is 
mounted such that the lamp goes out 
if the lid of the box is opened. 

Still on the subject of safety, also 
observe due precautions with regard to 
the mains voltage which is present on 
the board. 

In view of the heat developed by the 
UV lamp, it is recommended to house 
the eraser in a metal box, which is 
connected to the mains earth. 

(940058) 
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FIGURING IT OUT 


PART 17 - ALL CHANGE! 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


rT he rate of change of one quan- 

tity with respect to changes 
in another quantity is known as 
a differential. As explained in 
Part 5, we represent a differen- 
tial by a symbol having the form 
dy/dx. The example given then 
was d@/dt, the rate of change of 
magnetic flux o through an in- 
ductor, with respect to time t. If 
we were to plot a graph of the flux 
at different times, then d@/d¢ is 
the gradient of the graph at any 
given time. 

We are assuming that the de- 
pendent variable Bis a function 
of the single independent vari- 
able t. In symbols: 


@ = fit). 


Practically all of the circuits and 
circuit models we have studied 
exhibit this one-to-one relation- 
ship. In many of them, the volt- 
age at a given point is a func- 
tion of time. Given an equation 
that defines how voltage varies 
with time (for example, u = 3 sint), 
we differentiate to find the rate 
of change of voltage at any given 
instant (in this example, 
du/dt = 3 cost). But there are 
other cases in which a quantity 
depends on two (or more) other 
independent quantities. As an 
example, consider the familiar 
Ohm's law equation for the cur- 
rent through a resistor: 

Deu [Eq. 126] 
As on previous occasions, we are 
using lower-case letters for quan- 
tities that are varying. Ordinarily 
we would use a capital R for re- 
sistance, assuming that its value 
does not change significantly. 
But suppose that the resistor is 
light-dependent or we are using 
a thermistor. We must allow for 
resistance to vary just as much 


as, if not more than, voltage. 
Current is a function of both 
voltage and resistance: 


b= fa?) 


We might want to know the rate 
at which current varies with re- 
spect to variations in both volt- 
age and resistance. Think of this 
in terms of a three-dimensional 
graph—Fig. 143. The curved 
surface represents the way in 
which i varies with u and r. We 
can consider these variations 
individually. If we cut sections 
of the surface parallel to the i-u 
plane, we obtain a set of straight- 
line graphs. The line AB repre- 
sents changes in current with re- 
spect to voltage, if resistance 1s 
constant at 8 Q. In the other di- 
rection, parallel to the i-r plane, 
sectioning the surface yields a 
set of hyperbolas. An example 
is shown by the line CD, which 
represents changes in current 
with respect to resistance, if volt- 
age is constant at 4 V. 

We calculate the slopes ofthese 
curves by using partial differ- 
entials. The technique corre- 
sponds to cutting a slice through 
the surface, parallel to one or 
otherofthe vertical planes. Cutting 
a slice parallel to the i-u plane 
means considering r to be con- 
stant and then differentiating 
Eq. 126 with respect to u: 


ói / du = 1/r. 


The symbol for the differential is 
written with a special kind of‘d’ to 
indicate that this is a partial 
differential. We call the ó a 
'curly d'. Because we have de- 
cided to make r constant, the 
partial differential (the gradient 
of a line drawn parallel to the i-u 
plane)is constant. In other words, 
we have a straight line, as ex- 


Fig. 


emplified by line AB. For the set 
of lines obtained in this way, the 
gradient is inversely proportional 
to r. The smaller the value of r, 
the steeper the line, as can be 
seen by comparing line AB with 
line A’B’ in the figure. 

Similarly, we find the gradi- 
ent of lines parallel to the i-r 
plane. Differentiating Eq. 126 
while considering u to be con- 
stant: 


6i/dr=—u/r?. 


The gradient is negatively in- 
versely proportional to the square 
of the resistance, which is a char- 
acteristic of hyperbolas. For a 
given resistance, it is also di- 
rectly proportional to the volt- 
age; at double the voltage, for ex- 
ample, gradients at all points 
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143 


along a curve are doubled. This 
can be seen by comparing curve 
CD with curve CD’. 


Example 


Let us put some numbers into 
these equations and see how they 
work out. Take a point P on the 
surface, representing u - 4, 
¿ = 0.8. The third value neces- 
sarily follows from the first two. 
At this point, the gradient in 
the direction parallel to the GA 
plane 1s 


l/r- 1/5 = 0.2. 
The units of this gradient are am- 
peres per volt (A/V). The gradi- 


ent parallel to the i-u plane is 


-u/r? = —4/25 = —0.16. 
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Units are amperes per ohm 
(A/Q). Now suppose that the volt- 
age is increased by 0.1 V and 
the resistance is decreased by 
0.5 Q. The change in current re: 
sulting from a change in volt- 
age is 0.2 A V-l. A change of 
0.1 V produces a current increase 
of 0.2x0.1 = 0.02 A. Similarly, 
the change in current result- 
ing from a change in resistance 
is—0.16 AQ-!. A change of -0.5Q 
produces a current change of 
—0.16x—0.5 = 0.08 A. Both changes 
are current increases and their 
effects are cumulative. The total 
change in current is 0.02+0.08 
= 0.1 A. The new currentis 240.1 
= 2.1 A. 

This result is only approxi- 
mate, because we have consid- 
ered the effects of voltage and re- 
sistance separately. Figure 144 
isanenlarged view ofthe surface 
of Fig. 143, in the region of point 
P. Increasing voltage by 0.1 V 
is equivalent to moving from P 
to Q. Decreasing resistance by 
0.5 Q is equivalent to moving 
from P to R. Both produce an 
increase of current (an uphill 
climb on the sloping surface of 
the graph). We have simply added 
these increases. But really, we 
wantto know the change that oc- 
curs in going from P to S. Going 
from P to Q and then adding on 
the current increase that was cal- 
culated on the basis of being 
at P is not quite the same thing 
as going directly from P to S. 
The change in level between Q 
and S is not quite the same as 
that between P and R. Having 
said this, we still find this tech- 
nique a useful one, providedthat 
we keep to small changes in u 
and r. If PQ is small, the in- 
crease in going from Q to S is 
not very differenttotheincrease 
in going from P to R, so simply 
adding the increases is precise 
enough. 


Small increments 


Let us summarise this in math- 
ematical terms. The small change 
in voltage is Au. The rate of 


me 
"men, 
» 
Se 
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Fig. 144 


change of current with respect 
to voltage at a given point 1s 
ói / du. The actual change in cur- 
rent produced by the small change 
in voltage is 


(OL/ du)xAu. 


Similarly, the change in current 
resulting from a small change 
in resistance 1s: 


(Ot/ d r)xAr. 


Providedthat both Au and Ar are 
small, these two may be added 
(taking account of sign) to find 
the overall change in current. 


Another example 


We will work this example straight 
through, without comment, as 
a practical summary ofthe method. 
A 33 Q resistor has a current of 
2.5 mA passing through it. The 
power dissipated in the resistor 
is p = i?r. We are asked to find 
the change in power when the re- 
sistor increases by 1 Q and the 
current decreases by 0.1 mA. To 
begin with, p = 0.00252x33 
= 206.25 pW. The change in power 
resulting from the change in re- 
sistance is: 


(dp / 6r)x Ar =i2x1 =6.25x10-. 


The change in power resulting 
from the change in current is: 


(dp / dt)x Ai = 2irx—0.001 
= 0.165x-0.0001 2 —16.5x10-9, 


The total change in current is 
(6.25-16.5)x10-6 = —10.25x10-. 
The new power level is 
(206.25-10.25)x10- = 196 pW. 


We can easily check this result 
by working out the power when 
1=2.4mA andr = 34 Q. For this 
pair of values, p = 0.00242x34 
= 195.84 pW. This, of course, is 
a precise value and it might be 
wondered why we need to go into 
the complications of differenti- 
ation to obtain only an approxi- 
mate value. The reason is that 
the method of partial differen- 
tiations is applicable to equations 
much more complex than the 
simple one used here to illus- 
trate the method. It can be ap- 
plied to any combination of re- 
sistances and currents, it being 
necessary only to insert the ap- 
propriate values of Ai and Ar 
into the equations once the ini- 
tial differentiation has been done. 
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FIGURING IT OUT — PART 17 


Percentages 


The technique can also be applied 
when the changes are expressed 
as percentages. Using the re- 
sistor of the previous example, 
we might specify that the resis- 
tance decreases by 0.5% and the 
current decreases by 2%. 
Calculating the changes: 


Ar = —0.005r 
and 
Ai = —0.021. 


Total change in power is: 


i2Ar + 2irAi = -0.005i?r—0.04i?r 
= i?rx-0.045 = px-0.045. 


The percentage change in power 
is —4.5%. 


Three or more 


The technique may be extended 
to include three or even more 
variables. Partial differentia- 
tion is no longer just a matter 
of cutting slices through a three- 
dimensional surface, for the 
'graph' is a surface in space of 
four or more dimensions. But 
the principle is just the same. If 
z 1s a function of a, b, c, ..., then 


Az Ex na Ox b Eu. 


[Eq. 127] 


As am example, consider the non- 
inverting amplifier circuit of 
Fig. 145. The output voltage, z, 
is related to the input voltage, 
u, by the equation: 

z = u(a/ b«1) [Eq. 128] 
The values of the resistors are 
represented by variables a and 
b. Here we have three indepen- 
dent variables, and can write 
three partial differentials by dif- 
ferentiating Eq. 128 appropri- 
ately: 


óz/óu =a/b+1; 
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Fig. 145 





6z/da =u/b; 
óz / ôb = -ua / b2. 


We will use this example to il- 
lustrate the method of estimat- 
ing errors and work in percent- 
ages. The aim is to calculate the 
maximum positive error inz that 
my be brought about by resistor 
tolerances and the precision of 
the input voltage. Factors that 
will result in an increase in z 
are: 
* Increase in u; suppose this is 
precise to +2%; Au = 0.02u. 
* Maximal value of a; suppose 
tolerance is 1%; Aa = 0.01a. 
* Minimal value of 5; suppose 
tolerance is 1%; Ab = —0.01b. 


Using an equation of the same 
form as Eq. 127: 


Az = (a/b+1) x 0.02u 
-(u/b)x0.0l« 
+ (-u/a/b*) x —0.015, 


so that 


Az = 0.02u (2a / b + 1) 
[Eq. 129] 


Equation 1291s used to calculate 
the change in z for any combi- 
nation of values of u, a, and b. 
For example, ifu 2 5 V,a = 1000 
and b = 200 Q, then 


Az = 0.02x5(200/200- 1) =0.2. 


The output voltage may be up 
to 0.2 V greater than its calcu- 
lated value. With the exact values 
given, z = 7.5 V, but errors may 
take it up to a maximum of 7.7 V. 


Related rates 


In the examples above, the two 
(or more) independent variables 
have been independent of each 
other. But it may happen that 
they are related to each other be- 
cause they are both functions of 
some other quantity. Very often 
we find that two variables are 
functions of time. The input to 
a circuit may be a ramping volt- 
age ora sine wave; in either case, 
the voltage is a function of time.In 
the same circuit, there may be 
photoresistor responding to a 
periodically changing light level; 
the resistance of this 1s also a 
function of time. If a current in 
the circuit is affected both by 
the input voltage and the resis- 
tance of the photoresistor, we 
have a circuit which can be ana- 
lysed by partial differentials. 
For example, suppose that 


EJ GENERAL INTEREST 


the input is given by u = 2sin4t. 
The resistance of the photore- 
sistor is given by r = 1004407? 
(alightsourceis approachingthe 
sensor and the inverse square 
law applies). The current is 
i = ulr. We want to know the 
rate of change of t. 

The standard equation (Eq. 127) 
tells us that: 


ARS AA or 
Gu or 
This equation does not require 
the change to occur in any spec- 
ified length of time. Now we will 
introduce the time element by 
saying that the changes must 
take place in a short length of 
time, At. Dividing both sides by 
At: 
Ai OX Au ð Ar 


If At is made very small, ap- 
proaching zero, the expressions 
containing it become differen- 
tials: 

di & du à dr 

— = — X — + X — 


dt du dt ér dt 
[Eq. 130] 


The expression on the left is the 
rate of change of current with 
time. We call it the total dif- 
ferential of z with respect to t. 
Note that Eq. 130 does not con- 
tain any finite quantities such as 
AL, and soit gives an exact result, 
not an approximation. Let us 
apply this equation to our ex- 
ample. Calculating the partial 
differentials from the equation 
given (the same asin the first ex- 
ample this month): 


61/ du = l/r; 
óvór = -u / rÈ. 


Calculating the other differen- 
tials in the usual way from the 
equations given: 


du/dt = 8cos4t; 
dr/dt = 80t. 
Substituting in Eq. 130: 


di/dt = (Bcos4t)/r-80ut /r?. 
(Eg. 131] 


We can use Eq. 131 to find the 
rate of change of current when 
one of the quantities has a spec- 
ified value. For example, when 
t = 0.1 s, u = 0.7788 V and 
r= 100.4 Q. Then, substituting 
in Eq. 131 gives: 


di/dt = 72.77 mA el, 


If instead we need to know the 
rate of change of current when 
the voltage has a particular value, 
we calculate the corresponding 
values ofr and t, then substi- 
tute these in Eq. 131. 

In this example, the time-re- 
lated variables are synchronised 
with each other. This is because 
the differentials still include ¢. 
This need not be the case. If, for 
example, we state that the volt- 
age isramping upward at3 V s-1, 
the equation is: u = 3t. Differ- 
entiating this gives du/dt = 3. 
The rate of change is constant; 
it does not depend on how long 
has elapsed since we began tim- 
ing. We might also specify that 
the resistance is increasing at the 
rate of 4Q s-l, so that dr/dt = 4. 
The variables are still both time- 
dependent, since they are rates 
of change, but they are not syn- 
chronised in the time-scale. 
Substituting these differentials 
in Eq. 130 gives: 


di/dt = 3/r-4u/r?. 


In this case, it is possible to spec- 
ify any pair of values for u and 
r and calculate the correspond- 
ing rate of change of i. For ex- 
ample, when u =2 Vandr=4Q, 
then: 


di/dt = 3/4—8/16 = 0.25 A sl. 


As well as rates of change with 
respect to time, we often encounter 
rates of change with respect to 
temperature. The values of many 
components, including resistors, 
capacitors and regulators are 
all functions oftemperature. The 
temperature coefficient, often 
known as the tempco of a re- 
sistor, may be of the order of 200 
parts per million per degree Celsius 
(or per kelvin which, in this con- 
text, amounts tothe same thing). 
As a differential, and now using 
the variable ¢ to represent tem- 
perature instead oftime, we have: 


du/dt = 2rx10-4. 


Given the tempcos of resistors 
and other components in a cir- 
cuit, the method described above 
can be used to calculate the rate 
of change of current or other 
quantitu with respect to tem- 
perature changes. 


Test yourself 


1. Given that z is a function of 
both x and y, calculate the 


partial differentials dz / dx 
and 6z/ ôy when 

(a) z = 2x+3y 

(b) z = 3x?/4y 


2. A 22 pF capacitor has a p.d. 
of 9 V across it. The charge q 
is given by g = cv. If the volt- 
age increases by 0.2 V and 
the capacitance decreases by 
0.5 uF, use the method of par- 
tial differentials to calculate 
by how much the charge 
changes. 


3. Inavoltage-regulating circuit 
(Fig. 146), a constant volt- 
age U = 10 V is applied. The 
band-gap reference produces 
areduced voltage with a tempco 
of 40 ppm/°C. The resistor 
has a tempco of 100 ppm/°C. 
When the temperature is 25 °C, 
uisexactly 2.5 V andr = 7.5 KQ. 
The current through the re- 
sistor is ; = (U-u)/r. What is 
the tempco of the current? 
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Fig. 146 


Answers to 
Test yourself (Part 16) 


1. (a) Odd function; no con- 
stant term, no cosine terms; 
expect to find only sine 
terms. 

(b) Half-wave repetition, 
neither even nor odd; expect 
to find a constant term, 
even cosine terms and even 
sine terms. 

(c) Even function; expect to 
find a constant term and co- 
sine terms. 


2, This has half-wave repeti- 
tion; with the constant term 
ignored, it is an odd func- 
tion; expect to find a con- 
stant term and even sine 
terms. 


b, = —3/n(cosnn+ 1) 

When n is even, cos nm = 1, 
and 5, = —6/n. 

When n is odd, cosnz = -1 
and 5, = 0. Only even 
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terms. The series is: 
y = 81/2 — 6[(sin 2t/2) 

+ (sin 47/4) + (sin 61/6) 
3x] 


T 
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74LS-Series 








74LS00 £0.22 
741501 £0.14 
741502 £0.14 
74LS03 £0.14 
74LSOA £0.14 
74LS05 £0.14 
74LS08 £0.14 
74LS09 £0.14 
74LS10 £0.14 
74LS107 £0.23 
74LS109 £0.21 
74LS11 £0.17 
74L$112 £0,21 
74LS113 £0.21 
74L S114 £0.21 
74LS12 £0.14 
74LS122 £0.31 
74LS123 £0.31 
74LS125 £0.21 
74.8126 £0.21 
7ALS13 £0.14 
74LS132 £0.21 
74ALS133 £0.48 
74L$136 £0.16 
74LS138 £0.24 
74LS139 £0.25 
74LS14 £0.18 
74LS145 £0.56 
74LS147 £1.26 
74LS148 £0.70 
74L815 £0.14 
74LS151 £0.25 
74LS153 £0.25 
74LS154 £0.70 
74L$155 £0.25 
74LS156 £0.36 
74LS157 £0.25 
74LS158 £0.25 
74LS160 = £0.32 
7ALS161 £0.32 
74LS162 £0.32 
74LS163 £0.32 
7445164 £0.26 
74LS165 £0.48 
7ALS170 £0.30 
74LS173 £0.24 
74L5174 £0.24 
74LS175 £0.24 
74LS190 £0.25 
74LS191 £0.24 
74LS192 £0.42 
74LS193 £0.24 
74LS195 £0.24 
7ALS196 £0.24 
74LS197 £0.24 
74L S20 £0.16 
74LS21 £0.14 
74,822 £0.14 
74.5221 £0.36 
741S240 — £0.32 
74,8241 £0.32 
74LS242 £0.32 
74LS243 £0.32 
7ALS244 £0.32 
74LS245 £0.36 
74LS247 £0.32 
74LS251 £0.24 
74L8257 £0.24 
74LS258 £0.24 
74LS26 £0.14 
74LS266 £0.14 
74LS27 £0.14 
74LS273 £0.32 
74LS279 £0.25 
74LS30 £0.14 
74LS32 £0.14 
74LS365 £0.21 
74LS367 £0.21 
74LS368 £0.21 
74LS37 £0.14 
74LS373 £0.32 
74LS374 £0.32 
74LS375 £0.34 
74LS377 £0.32 
74LS378 £0.62 
74LS38 £0.14 
74LS390 £0.25 
74ALS393 £0.24 
74LS395 £0.26 
74.8399 £0.62 
744 S40 £0.14 
74LS42 £0.25 
741847 COO 
7ALS51 £0.14 
741S670 £0.69 
7ALS73 £0.17 
74LS74 eC 22 
7ALS75 £0.19 
74L S76 £0.25 
74LS83 £0.31 
74LS85 £0.35 
74LS86 £0.20 
74LS90 £0.23 
74LS92 £0.35 
74LS93 £0.25 
ENAMELLED 
COPPER 
WIRE 
All 20z Reels 
14 SWG £0.63 
16 SWG £0.67 
18 SWG £0.67 
20 SWG £0.72 
22 SWG £0.76 
24 SWG £0.80 
26 SWG £0.89 
28 SWG £0.91 
30 SWG £0.93 
32 SWG £0.93 
34 SWG £0.99 
36 SWG £1.04 
38 SWG £1.10 
40 SWG £1.22 


4000 Series 








4000 £0.17  2N1613 £031 
4001 £0.21 2N1711 £0.26 
4002 £0.17 2N1893 £0.29 
1008 T 2N2218A £0.28 
E 2N2219A £0.25 
4008 £0.31 2N2222A £0.16 
4009 cam 2N2646 £0.80 
4010 ; 2N2904A £0.25 
4011 Eos 2N2905A 50:23 
4012 0.1 2N2907 . 
4013 £0.21 2N2926 £0.16 
4014 £0.30 2N3053 £0.27 
4015 £0.31 2N3054 £0.90 
4016 £0.18 2N3055 £0.62 
4017 £0.27 2N3440 £0.50 
4018 £0.27 2N3702 £0.09 
4019 £0.19 2N3703 £0.10 
4020 £0.31 2N3704 £0.10 
4021 £0.31 2N3705 £0.10 
4022 £0.32 2N3706 £0.10 
4023 £016  2N3771 £1.44 
4024 £0.21 2N3772 £1.51 
4025 £0.15  2N3773 £1.79 
4026 £0.59 2N3819 £0.40 
4027 £0.18 2N3820 £0.58 
4028 £0.22 2N3904 £0.10 
4030 £0.17 2N3906 £0.10 
i 2N4036 £0.31 
4031.  £0:70  2N5296 £0.57 
4033 — f0.56  5N5321 £0.57 
4034 £1.24 ; 
2N6107 £0.60 
2049. AL ACG: -F030 
4041 £0.31 AC127 £0.30 
4042 £0.22 AC128 £0.28 
4043 £0.28 AC187 £0.45 
4044 £0.35 AC188 £0.37 
4046 £0 31 ACY17 £3.84 
i AD149 £1.67 
4047. :£0:25 ADI. -E092 
addo. ener ADIO. E 
4050 £0.20 BCIO7B £015 
40581 £0.36 BC108 ou 
4052 £0.25 BC1OBA £0.14 
4053 £0.25 gciogsc £016 
4054 £0.56 8C109 £0.14 
4055 £0.34  BC109C £017 
n Ba Em. pi 
. BC115 .41 
4066 £0.18 BC116 £0.41 
4067 £1.91  Bc118 £0.41 
4068 £0.16 BC132 £0.36 
4069 £0.20 BC134 £0.36 
4070 £0.17 BC135 £0.36 
4071 £0.20 BC140 £0.25 
4072 £0.17 BC141 £0.27 
ds eni BC142 £0.31 
407 ] BC143 £0.34 
4076 £0.30 BC149 £0.21 
4077 £0.17 BC154 £0.36 
4081 £0.14 BC157 £0.12 
4082 £0.21 BC159 £0.12 
4085 £0.28 BC160 £0.28 
4086 £0.26 BC170 £0.16 
4089 £0.55 BC170B £0.16 
4093 £0.18 BC171 £0.11 
4094 £0.31 BC171B £0.16 
4095 f0.56 — HC!72 £0.13 
4097 £1.20 BC172B £0.13 
4098 cca  BC177 £0.18 
4099 £0.38 BC178 £0.18 
4502 £0.38 — BC179 £0.17 
4503 £031 Suen £0.08 
450 £0.90 b 
EC £0.26 8C182LB £0.08 
4511 £0.32 8C183 £0.08 
4514 £0.77 BC1831B £0.08 
BC184L £0.08 
4516 £0.31 
4518 £0.27 TRIACS 
4520 £0.26 
4521 £0.62  Z0105DA £0.42 
4526 £0.40 T!C206D £0.65 
4527 £0.40 TIC226D £0.73 
4528 £0.40 BTAO8.6008 £0.84 
4529 £0.44 TIC236D £0.96 
4532 £0.32 DIAC £0.20 
4534 £2.48 VOLTAGE 
ace ee REGULATORS 
4541 £0.33 78L05 £0.24 
4543 £0.46 78112 £0.24 
4555 £0.34 78L15 £0.24 
4556 £0.34 79105 £0.28 
4560 £1.18 79L12 £0.28 
4566 £1.96 79L15 £0.28 
4572 £0.25 7805 £0.28 
4584 £0.24 7812 £0.28 
4585 £0.32 7815 £0.28 
4724 £0.70 7905 £0.38 
40106 £0.31 7912 £0.38 
7915 £0.38 
40109 £0.50 LM317T £0.56 
40163 £0.46 T $029 
40174 £0.34  L200cv £116 
40193 £0.60 LmM338k £5.52 
OPTO DEVICES 
5mm Red LED £0.09 
5mm Green LED £0.16 
5mm Yellow LED £0.10 
5mm Orange LED £0.10 
3mm Red LED f0.08 
3mm Green LED £0.12 
3mm Yellow LED £0.13 
3mm Orange LEO £0.13 
5mm Flashing Red £0.50 
5mm Flashing Green £0.54 
5mm Bi Colour £0.36 
5mm Tri Colour £0.48 
5mm Plastic Bezel £0.04 
3mm Plastic Bezel £0.05 
0.3" 7 Segment Display Red 
common anode £1.14 
common cathode £1.14 
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BC186 £0.33 BD534 £0.47 
BC204C £0.72 BD535 £0.48 
BC206B £0.72 BD536 £0.65 
BC207C £0.72 BO646 £0.52 
BC208 £0.72 BD648 £0.52 
BC209A £0.72 BD650 £0.53 
BC212 £0.08 BD707 £0.42 
BC212L £0.08 BD807 £0.80 
BC212LB £0.08 BDX32 £1.78 
BC213 £0.08 BDX33C £0.46 
BC213LC £0.08 BDX34C £0.50 
BC214 £0.08 8DX53C £0.47 
BC214L £0.08 BDX54C X £0.50 
BC237B £0.09 BF180 £0.31 
BC238C £0.09 BF182 £0.31 
BC239C £0.10 BF185 £0.31 
BC251 £0.13 BF194 £0.19 
8C252 £0.13 BF195 £0.19 
BC261B £0.24 BF244 £0.35 
BC262B £0.24 BF257 £0.33 
BC2678 £0.30 BF259 £0.33 
BC307 £0.10 BF337 £0.36 
BC308 £0.10 BF355 £0.38 
BC327 £0.10 BF423 £0.13 
BC328 £0.10 BF451 £0.19 
BC337 £0.10 BF459 £0.29 
BC338 £0.10 BF469 £0.36 
BC414C £0.13 BFX29 £0.29 
BC441 £0.40 BFX84 £0.31 
BC461 £0.40 BFX85 £0.31 
BC463 £0.29 BFY5O £0.29 
BC478 £0.32 gFY51 £0.26 
BC479 £0.32 BFY52 £0.28 
BC490 £0.24 BS107 £0.21 
BC516 £0.22 85170 £0.21 
BC517 £0.20 BSW66 £1.35 
BC527 £0.20 BU126 £1.70 
BC528 £0.20 BU205 £1.82 
BC537 £0.20 BU208A £1.73 
BC546C £0.08 BU326A = £1.80 
BC547C £0.09 BU500 £2.32 
BC548C £0.08 BUS08A £1.76 
BC549C £0.10 BU526 £2.24 
BC550C £0.08 BU806 £1.36 
BC556A £0.08 BUX84 £0.78 
BC557C £0.08 IRF540 £1.60 
BC558C £0.08 IRF740 £1.63 
BC559C £0.08 MJ11015 £2.11 
BC560B £0.09 MJ11016 £2.11 
BC637 £0.21 MJ2501 £1.60 
BC638 £0.21 M J3001 £1.52 
BC639 £0.21 MJE340 £0.40 
BC640 £0.21 MJE350 £0.42 
BCY7O £0.21 MPSA13 £0.12 
BCY71 £0.20 MPSA42 £0.17 
BCY72 £0.20 MRF475 £6.21 
BD135 £0.20  TIP121 £0.35 
BD136 £0.21 TIP122 £0.37 
BD137 £0.22  TIP125 £0.37 
BD138 £0.22  TIP127 £0.37 
BO139 £0.23 = TIP132 £0.46 
BD140 £0.24  TIP137 £0.46 
BD150C £0.82 TIP142 £1.08 
BD165 £0.42  TIP147 £1.12 
BD166 £0.35 TIP2955 £0.63 
BD187 £0.39 TIP29C £0.31 
BD201 £0.40  TIP3055 £0.63 
BD202 £0.40 TIP30C £0.31 
BD203 £0.40 = TIP31C £0.34 
BD204 £0.40 TIP32C £0.32 
BD222 £0.40  TIP33C £0.72 
BD225 £0.42 TIiP41A £0.36 
BD232 £0.38 TiP42C £0.38 
BD237 £0.32  TIP47 £0.48 
BD238 £0.32  TIP48 £0.62 
BD240B £0.37 = TIP5bO £0.53 
8D243B £0.50 VNiOKM £0.44 
BD244A £0.53  VN66AF £1.50 
BD246 £1.06 2ZTX300 £0.16 
BD441 £0.41 ZTX500 £0.16 
BD442 £0.41 
THYRISTORS 

PO102AA £0.30 

TIC106D £0.40 

TIC116D £0.66 

TiC126D £0.77 





ESR ELECTRONIC COMPONENTS 


Station Road, Cullercoats, 


Tyne & Wear NE30 4PO 


Tel. 091 251 4363 


Fax. 091 252 2296 


TRANSISTORS LINEAR ICs SOLDERING IRONS RF CONNECTORS 


Derr. EE 






HARDWARE 


T2 Box 75 x 56 x 25mm £0.82 
T3 Box 75 x 51 x 25mm £0.82 
Tå Box 111 x 57 x 22mm £0.98 
MB1 Box 79 x 61 x 40mm £1.44 
MB2 Box 100x 76x 41mm £1.56 
MB3 Box 118 x98 x 45mm £1.82 


MB5 Box 150x 100 x 60mm £2.50 


ELECTROLYTIC RADIAL CAPACITORS 


uF 16V 25V 63V 
0.47 - - £0.05 
1.0 - - £0.05 
2.2 - - £0.05 
4.7 - - £0.05 
10 £0.05 £0.05 £0.06 
22 £0.05 £0.05 £0.09 
47 £0.06 £0.06 £0.11 
100 £0.06 £0.09 £0.11 
220 £0.09 £0.12 £0.31 
470 £0.15 £0.19 £0.57 
1000 £0.22 £0.29 - 
2200 £0.37 £0.57 - 
4700 - £1.11 - 


ELECTROLYTIC AXIAL CAPACITORS 





uF 16V 25V 63V 
047 - - 

1.0 - - £0.10 
22 - - £0.10 
4.7 - £0.09 £0.10 
10 - £0.12 £0.12 
22 - £0.09 £0.13 
47 £0.10 £0.11 £0.16 
100 £0.10 £0.13 £0.21 
220 £0.13 £0.18 £0.42 
470 £0.21 £0.24 £0.69 
1000 £0.33 £0.40 £1.05 
2200 £0.52 £0.64 i 

4700 £0.90 - - 

















CA311E £0.28 Antex Soldering irons BNC Solder Plug 50R £0.93 
CA324 On do M 12 Watt £7.75 8NC Solder Plug 75R £0.96 
CA555 £0.22 C 15Watt £7.78 BNC Cramp Plug 50R £0.68 
CA741CE "C28 G 18Watt £7.96 BNC Crimp Plug 75R £0.68 
CA747CE £0.39 CS 17Watt £7.88 BNC Solder Skt £1.08 
CA3046 £0.37 XS 25Watt £7.96 BNC Chassis Skt £0.80 
CA3080 £0.72 4 STAND £2.85 PL259 5.2mm £0.68 
STA S 
CA31 30 £0.98 35Watt Gas iron £11.58 PL259 11mm £0.62 
CA3130E £0.98 Desolder Pum £3.00 RNO UHF socket £0.68 
CA3140 £0.56 Aena SOR UHF socket £0.45 
Antistatic Pump £4.30 
CA3240 £1.22 22SWG 0.5Kg Solder £7.40 F Plug RG58 £0.30 
ICL7621 £1.76 pont. : F Plug RG6 £0.27 
ICM7555 £0.43 . 185WGOSKg Solder £6.60 N Plug RGB £1.60 
ICM7556 £0.96 Imm 3 E SCH dem N Socket RG8 £1.40 
LM301A £0.25 Desolder Bra : BNC Crimp Pliers £15.50 
LM348N £0.31 
LF351N £0.36 PCB EQUIPMENT 
LF353 £0.41 UV EXPOSURE UNIT £67.38 
LM358N £0.27 PLASTIC DEVELOPING TRAY £1.35 
ween EL PHOTO RESIST AEROSOL SPRAY (100m!) £3.90 
pes £2 70 FERRIC CHLORIDE CRYSTALS (0.5Kg) £2.45 
LM386 £0.48 TIN PLATING POWDER (90g) £10.80 
LM387 £1.60 ETCH RESIST PEN £0.72 
LM392N £0.79 PCB POLISHING BLOCK £1.84 
LM393N £0.28 STRIPBOARD 0:1 PITCH BREADBOARD 
LM748CN £0.31 64mm x 25mm £0.27 . 81mm x 60mm £3.06 
LM1458 £0.26 64mm x 95mm £0.90 175mm x 42mm £3.74 
LM3900 £0.72 64mm x 431mm £3.22 175mmx6?mm £5.56 
LM3914 £2.70 95mm x 127mm £1.50 203mm x 75mm includes 
LM3915 £2.70 95mm x 95mm £1.10 mounting plate & posts £7.36 
MC3340 — £1.60 95mm x 431mm £4.80 COPPER BOARD (G. Fibre) 
MC4558 £0.36 100mm x 160mm £1.60 — 100mm x 160mm £0.90 
NE531 Ee 119mm x 454mm £6.20 — 110mm x 220mm £1.24 
N, co PHOTO RESIST BOARD PHOTO RESIST BOARD 
NE5532 ` £0.80 ge ROPE xo - iul ` ees 
x : x . 
rack” Ens 4" x6" £1.62 4" x6" £1.24 
f 6 x6" £2.41 “x 10" £4.63 
TBA820M £0.39 
li Eee CAPACITORS | SWITCHES 
TLO61 £0.35 
TLO62 £0.42 Ceramic Mini Disc 100 & 63V 3amp 250v 6.4mm d mounting 
TLO64 £0.46 1.0pF to 100nF SPST Togule £0.58 
TLO71CP £0.32 1pF-1nF £0.06, 1n2-2n? £0.07, - SPDT Toggle £0.60 
TLO72CP £0.34 3n3-4n7 £ 0.12. SPDT CO Tog £0.64 
TLO74CN £0.48 10n & 12n £0.07 DPOT Toggle £0.68 
TLO81 £0.33 Polystyrene 160V 5% 47pF to 10nF DPOT CO Toggle £0.76 
TLOB2CP £0.34 47p-2n2 £0.09, 2n7.10n £0.12 DPOT CO Toggle 
TLOBACN £0.46 (biased) £1.20 
UA733 £0.64 D CONNECTORS DPDT CO Toggle 
VIN 200% ro 5a Plug ^ Socket (biased 1 way) £1.20 
ANDE even REI £0.29 £0.30 OPDT mini slide £0.15 
ZNA25E ‘age 25M £0.39 £0.39 Rotary Wafer 1P-12W, 2P-6W. 
: 23 Pin £0.40 £0.49 : i 
ZN427E — £8.82 26 Pin £0.48  £0.50 ety d 
ZN428E £6.12 9 Way plastic cover £0.30 usn to make : 
ZN435E £5.31 15 Way plastic cover £0.33 Push to break £0.28 
ZN448E £7.92 23 Way plastic cover £0.36 Latching Push Sar £0.63 
EPROMS & 25 Way plastic cover £0.36 PCB Tact 6 x 6mm £0.25 
RAMS BRIDGE RESISTORS 
RECTIFIERS 0.25W 5% CF E12 Series £0.60/100 
2716 £4.46 0.5W 595 CF E12 Senes £0.95/100 
2732 £4.84 W005 1.5A 50V £0.19 0 25W 1% MF E24 Series £1.72/100 
2764-25 £3.00 WO2 1 5A 200V £0.20 POTS Log or Lin 470R 1MO 25mm dia 0. 25in 
27C64-25 : BR32 3A 200V £0.36 shaft £0.42 
21 728.20 £369 ` BR626A 200V teg FREU S loa D TEM Seng 
27256-20 £3.99 or Vert 100R -1M0 0 IW £0.11 
27C256.20 £3.57 a PLEASE STATE VALUE REQUIRED x 
27C512 £3.69 COMPUTER ACCESSORIES DIODES 
27C010 £4.97 Parailel Printer Lead 2m £6.90 S dT 2V7 pa 
6116-10 £1.53 RS232 Lead (all pins) Male Male £3.75 GE Sec PO 13 
6264-10 £3.06 — RS232 Lead (all pins) Female. Male £3.80 X . 
62256-10 £4.83 Centronics 36 Way Lead Male Male £4.78 1N4001 £0.06 
4164-15 £1.78 Gender Changers 1N4002 £0.07 
41256-10 £2.80 9 Way D Mini Female to Female £1.81  1N4003 £0.07 
511000-8 £5.61 9 Way D Mini Male to Male £1.98 1N4004 £0.07 
; £5. g 25 Way D Mini Female to Female £2.23 , N4005 £0.07 
514256-8 6! — 95 Way D Mini Male to Male £223: i ora £6 08 
DIL SOCKETS 9 Way D Female to Female £2.33 . 
9 Way D Male to Male £2.33 ^! de See 
8 Pin £0.07 25 Way D Female to Female £2.71 1 : 
14 Pin £0.11 25 Way D Male to Male £2.71 1N5401 £0.09 
16 Pin £0.15 Adaptors 1N5402 £0.09 
18 Pir £0.15 9 Wav Male to 25 Way Female £271 1N5404 £0.11 
= p ce: 9Wav Female to 25Way Mare £2.71 1N5406 £0.11 
28 Pin £022 25 Way Male to 9 Way Female £2.33  1N5407 £0.14 
i 25 Way D Male to 36 Way Centronic £356 ,; 
40 Pin £0.25 N5408 £0.15 
25 Way Null Modem Female - Female £3.02 1N914 £0.06 
25 Way Null Modem Male to Femaie £3.02 : 
25 Way Nuli Modem Male to Male £3.02  !N916 £0.06 
100V 450V RS232 Surge Protector Male - Female £612  1N4!48 £0.05 
£0.07 RS232 Jumper Box Male to Female £3.02 BY133 £0.13 
£0.06 £0.15 RS232 Tester (7 LEDs) Male - Female £6.59  OA47 £0.28 
£0.06 £018 Data Switch Boxes OA9QC £0.07 
£0.08 £0.30 Serial Switch box -- 2 Way A/B £9.20 OA91 £0.10 
£0.08 £0.48 Serial Switch box 3 Way A/B/C £13.16  0A202 £0.27 
Serial Switch box 4 Way A/B/C/D £15.15 BA157 £0.10 
Serial Switch box - Cross over £19.69 BA158 £0.10 
= Parallel box - 2 Way A/B £11.84 : 
z Parallel box - 8 Way A/B/C; £17.14  BA159 £0.10 
E Parallel box 4 Way A/B/C/D £18.43  1N4149 £0.06 
- Parallel box Cross over £20.42  OA200 £0.10 


INN 


100V 
£0.15 
£0.10 
£0.10 
£0.10 
£0.12 
£0.17 
£0.20 





450V 


£0.19 
£0.22 
£0.34 
£0.48 
£1.06 
£1.33 
£2.46 





ORDERING INFORMATION 














E 


All prices exclude VAT. 
Please add £1.25 carriage to all orders and VAT (17.596). 
No minimum order charge. 

Free Computer listing with all orders over £5.00. 
Please send payment with your order. 

b PO/Cheques made payable to III 
ESR Electronic Components 


m Access & Visa cards accepted 
Offical orders from schools & colleges welcome. 
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OPTOISOLATOR TYPE IL300 
AND ITS USE IN ISOLATION AMPLIFIERS 


By K. Schonhoff 


he electrically isolated trans- 

fer of analogue signals is a fre- 
quent occurrence in measure- 
ment techniques, for instance, 
in measurements on the mains 
supply, or on signals of which the 
parameters are largely unknown. 
Also, for safety reasons, it is often 
required to isolate ground con- 
nections. 

These requirements are usu- 
ally met by the use of an isolation 
amplifier. Such an amplifier could 
be described as an operational 
amplifier with isolating proper- 
ties. An isolation amplifier per- 
forms the transfer of analogue data 
(current, voltage) between two 
points without an electrical con- 
nection between these points. 
Isolation amplifiers prevent earth 
loops, suppress common-mode 
signals, ensure separation of po- 
tentials and lessen the effect of 
capacitive and inductive inter- 
ference. 

Isolation amplifiers can be di- 
vided into three categories that 
use capacitive, transformer or 
optical coupling respectively. 
Techniques that are based on 
acoustic, piezo-electric, thermal 
or mechanical coupling are used 
only in special applications. 


Capacitive coupling 


In this, the signal transfer 1s 
brought about by two small ca- 
pacitors, which alternately pass 
on pulse edges that contain the 
information—see Fig. 1. Use is 
made of a modulation/demodu- 
lation combination in which the 
modulator forms a control loop via 
a reference demodulator. This 
arrangement compensates lin- 
earity errors produced in the mod- 
ulator. 

Isolation amplifiers that use 
capacitive coupling are easy and 
inexpensive to produce, since the 
capacitors, together with the semi- 
conductor chips, are normally 


housed in a modified ceramic DIL 
enclosure. They have a large band- 
width (about 60—200 kHz), are d.c. 
stable and have good linearity. The 
output signalis staircase-shaped 
owing to the sample-and-hold 
trap. 


Transformer coupling 


In this, the oldest isolation trans- 
fer technique, the d.c. signal is 
chopped up, transferred by am- 
plitude modulation and then rec- 
tified—see Fig. 2. Modern trans- 
former coupling systems use a 
form of feedback to obtain better 
linearity. 

The system provides good sup- 
pression of interference, but its 
bandwidth is not very large. 


Optical coupling 


Optoisolators provide an excel- 
lent means of converting ana- 
logue signals into corresponding 
light signals. However, precise and 
linear signal transfer requires 
careful design. In Fig. 3, the light 
receiver is copied in the control 
circuit where it provides the nom- 
inal values for the light-inten- 
sity control loop. This arrange- 
ment compensates for ageing ef- 
fects and non-linearity of the 
light source. It 1s, of course, im- 
perative that both light receivers 
operate in identical conditions 
and receive exactly the same 
amount of light. 

Optical coupling enables the 
continuous transfer of analogue 
signals and is insensitive to in- 
terference. Its speed of opera- 
tion is high (up to 10 MHz) and 
it produces no spurious signals, 
since it does not use modulation 
and demodulation. 


Other techniques 


Use 1s often made of frequency- 
to-voltage converters followed 








*Vs: Gnd 1-7 Vs Ext Osc + Vsz Gnd 2 -Vsz 
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Fig. 1. Isolation amplifier using capacitive coupling. 
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Fig. 2. Isolation amplifier using transformer coupling. 
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Fig. 3. Isolation amplifier using optical coupling. 
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Fig. 4. Isolation amplifier with voltage-frequency converter 
using capacitive coupling. 
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Fig. 6. Isolation amplifier for unipolar signals in a 
photovoltaic configuration. 
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Fig. 7. Isolation amplifier for bipolar signals in a 
photovoltaic configuration. 


by an isolation section using ca- 
pacitive, transformer or optical 
coupling—see Fig. 4. This re- 
sults in limited bandwidth but ex- 
cellent linearity, particularly if op- 
tical coupling 1s used. 

There are also analogue-to- 
digital converters with a serial out- 
put and optical signal transfer. 
These provide very good linear- 
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ity (16 or more bits), but have a 
very limited bandwidth and cause 
signal delay. The latter may be 
detrimental in, for instance, con- 
trol circuits. 


Discrete designs? 


Integrated circuits contain- 
ing the components for most of 





Fig. 5. Pinout of the IL300. 


the outlined techniques are com- 
mercially available. However, 
for special applications itis often 
necessary to build an isolation 
amplifier from discrete compo- 
nents, so that certain parameters 
can be optimized. The problem 
with this is the lack of suitable 
coupling elements. 

Easily available optoisola- 
tors have large tolerances and 
suffer from ageing effects, tem- 
perature dependence of the trans- 
mitter capacitance, and non-lin- 
earity of the transmit and re- 
ceive diodes. 

Especially the non-linearity of 
optoisolators makes their appli- 
cation often difficult. The lin- 
earity improves slightly when 
the drive is reduced, but then 
the signal-to-noise worsens. 

One way ofimproving the lin- 
earity is the use of feedback by 
means of a second optoisolator. 
Unfortunately, its application is 
handicapped by the necessary 
matching of the optoisolators. 
Even after the most careful cal- 
ibration, their parameters may 
diverge widely because of tem- 
perature variations. In extreme 
cases, the negative feedback may 
even turn into positive feedback 
(that is, oscillations). 

Dual optoisolators, because 
of their thermal coupling, would 
be the answer to the problem 
were it not for the fact that their 
transmitter and receiver are at 
the same side of the isolation 
barrier. 


The IL300 


The Type IL300 optoisolator 
from Siemens is, however, a de- 
vice that has been designed es- 
pecially for the transfer of ana- 
logue signals. It consists of acom- 
bination ofan infra-red LED and 
two photodiodes—see Fig. 5. The 
feedback diode captures part of 
the light emitted by the LED. 
From this, a control signal is de- 
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rived that largely compensates 
for the non-linearity and the 
time/temperature dependence 
ofthe LED. Sincethe two diodes 
are closely coupled, theres no like- 
lihood of differences in par- 
ameters. That is, the feedback 
remains stable and the output sig- 
nalisatruereflection ofthe input 
signal. 
The main parameters of the 
1L300 are: 
* non-linearity: <0.01% (with 
feedback). 
temperature stability: 
0.00596 "CL 
e Minimal coupling capaci- 
tance. 
* Low dissipation: «15 mW. 
* Isolation voltage: 7500 Vy, 
ls. 
e Internal isolation barrier: 
>0.4 mm. 


The photodiodes may be used as 
voltage sources (photovoltaic) or 
as resistors (photoconductive). 

Used photovoltaically, the 
diodes provide excellent linear- 
ity, minimal noise and minimal 
drift. The transfer properties 
meet the requirements for 12- 
bit converters handsomely. 

Used photoconductively, the 
diodes provide a large bandwidth, 
but linearity and drift are no bet- 
ter than required of 8-bit con- 
verters. 

The current gain, K4, between 
the LED and the reference diode 
is typically 0.007, that between 
LED and receive diode, Kg, is 
typically 0.007, and the trans- 
fer gain between the individual 
diodes, K3, is typically 1.0. 

The significantly higher gain 
of traditional optoisolators 
(0.5-1.5) is achieved by the use 
of phototransistors in the receiver. 
Such transistors, however, are 
much slower than the diodes used 
in the IL300. 


Some applications 


The versatility of the IL300 is il- 
lustrated in the application cir- 
cuits that follow. 

Figure 6 shows the basic cir- 
cuit of an isolation amplifier with 
the IL300 used photovoltaically. 
In the sample calculation below, 
the following values were used: 


* Maximum current of the 
OP-07: Io imax) = + 15 mA; 


e K1-0.007; 
e K= 0.007; 
e K3=1.0; 


* Input voltage, U; = 0-1.0 V. 


First, the peak current through 
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the coupling diode is determined: 


Iyi (max) = Ky X Lo (max) 
= 0.007 x 15 = 105 nA. 


Input resistor R4 is calculated 
from Îp1 (max) and Ui (max): 


Ry = Ui (imax)/ Îp1 (max) 
= 1/105 x 10- 
= 9.524 kQ = 10 KO. 


The value of Ro depends on the 
required total amplification, G, 
and the transfer gain, K3, of the 
IL300. Assuming G = 1 and K3=1: 


Ro = Ry G/ Kg 
=108x1/1=10kQ. 


The small-signal bandwidth of the 
amplifier is 45 kHz. 


Figure 7 is an isolation ampli- 
fier for bipolar input signals. The 
2N4340 transistors provide relief 
for the output stage of the OP-07 
and thus improve the drift be- 
haviour. The current sources de- 
termine the operating zero point 
of the IL300 to make bipolar op- 
eration possible. If the require- 
ments are not so stringent, the 





Fig. 9. Isolation amplifier for unipolar signals ina 
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Fig. 8. Isolation amplifier with differential inputs, also for bipolar signals, 
in a photovoltaic configuration. 
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photoconductive configuration. 





Amplitude Response [dB] 
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Fig. 11. It does not have to be complicated: just two 


transistors and an IL300 can provide good 


electrical isolation of analogue signals. 
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to amplifier gain of -1: 0? = 180° 
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circuit in Fig. 11. 
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Fig. 10. Isolation amplifier for bipolar signals in a 
photoconductive configuration. 


Ø - Phase Response [*] 


Fig. 12. Frequency and phase characteristics of the 


current sources may be replaced 


Absolute Maximum Ratings : by resistors. 
Symbol! Min. Max. Unit 
Emitter . . 
Power Dissipation — Pigg 160 mW Figure 8 shows the circuit of a 
. (T,225*C) | 
Derate Linearly 213. mw^C differential amplifier that may be 
trom 25°C , "e used asan instrumentation ampli- 
F d Current e , 
Rcgis d 250 må fier with a resolving power of 
Es ied Seal : 12 bits. The common-mode re- 
everse Voltage e 3 e A . 
Thermal Resistance Rth 470 “CM jection is determined by the IL300 
Junction Temperature T, ac and the differential amplifier at 
Detector . 
Power EE Ps S0 mW the output. Since the output stage 
Derate linearly is arranged as a differential ampli- 
{rom 25°C 065 mW : 
Reverse Voltage v so v fier, a current source 1s not re- 
ti Pa plata i o ud quired. The circuit provides a 
emnal Resistance , S 
ui sie bandwidth of 50 kHz and a very 
Total Package high common-mode rejection of 
oco al25'C P, 210 mw 140 dB at 10 kHz. 
erate linearly 
from 25°C 2.8 mW/*C 
St T erature T. -55 t50 © n 
oleaca aaa E 300 e Figures9 and 10 show the IL300 
in a photoconductive configura- 
Withstand Tes! Voltage > i f Ri us e 
1 min., 60 Hz WTV 4420 VAC. tion. The circuitin Fig. 10 hasa 
Withstand Test Voltage bandwidth of 2 100 kHz. 
* min Ree WTV 6250 MAL, 
iihstand Test Vollage 
E T SCH 9909. -VAG is Figure 11 shows an isolation 
Gees, WIV 7500 VAC, amplifier designed with discrete 
Working Voltage WV 1700 VAC MON" prs 
Ee vb components. This circuitis often 


used in the instantaneous value 
feedback loop of the control stage 


at 260°C 


Fig. 13. Absolute maximum ratings of the IL300. 


Characteristics (T, =25°C) 















LED Emitter 
Forward Voltage 

Ve Temp. Coefficient 
Reverse Current 
Junction Capacitance 
Dynamic Resistance 
Switching Time 


le 10 mA 


Vaz5 V 
VgzO V. f=) MHz 

lp = 10mA 

Alp=2 MA. lggz 10 mA 
Algz2 MA. ko 10 mA 
















Delector 
| Dark Current 
| Open Circuit Voltage 


Vas? 719 V. lE = Ô uA 
lez 10 mA 


Shon Circua Current lpz 10 mA 
Junction Capacitance Vp=0 V. F=1 MHz 
Noise Equivalent Power Vase 15 V 

















Coupled Characteristics 














K1. Servo Current Gamer) les IO mA Va --15V 
Servo Current, see Note 1,2 lgz10 mA Vg --15 V 
K1 Temperature Coefficient AK1/AT k= 10 mA, Vay=-15 V 
K2, Forward Current Gan (lpp) K2 Iz 10 MA, Vag z-15 V 
Forward Current lp2 le 10 Dm Vg z-15V 
K2 Temperature Coefficient AK2/AT iz 10 mA, Vau =- 15 V 
K3, Transfer Gain (K2/K 1) K3 Le 10 mA. Va z-15 V 


See Note 1. 2 
Transfer Gain Linearity 
Transfer Gain Linearity 
K3 Temperature Coefficient 













AK3 
AK3 
AK3/AT 


lgz 1 t0 10 mA 


ka 10 mA Vaa =-15V 








Photoconductive Operation 















Insulation - Isolation 


Input-Output Capacitance VEzO V Isi MHz 





Common Mode Capacitance Ve=0 V. 1 21 MHz 
Common Mode Rejection Ratio {=60 Hz R =2 2 KQ 
Insulation Resistance Vio=500 VDC 






Withstand Test Voltage 
WTV 
WTV 


VACse 
VACa 


Fig. 14. Parameters of the IL 300. 
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Test Condition 


kel to 10 mA. T,=0°C to 75°C 
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in a D-A converter. There is com- 
pensation for the ageing of the 
LED.Figure 12 givesanidea of 
the (large) bandwidth of this cir- 
cuit. Since the transfer of the in- 
stantaneous valueis carried out 
in an exact and reliable manner, 
the control circuit can be at the 
same side of the barrier as the con- 
verter. 


Finally 


The power supply to the input sec- 
tion must, of course, be electrically 
isolated from the remainder of the 
amplifier. The requirements for 
this are identical to those for the 
signal transfer. Normally, d.c.- 
to-d.c. converters are used for 
this. Note, however, that the trans- 
formers used in this may trans- 
fer noise and interference. Tem- 
porary substitution of a battery 
supply will quickly indicate 
whether this is really caused by 
thetransformers or whether there 
is a fault in the amplifier. 
[940005] 



































Frequency Response BW (-3 db) 200 KHz as 10 mA, MOD=24 mA R, -50 2, 
Phase Response at 200 KHz -45 Deg Voet=- 15 V 

Rise Time 1.75 us 

Fall Time 1.75 us 


Rel. Humidity < 50% 1,5€10 A, 1 min 
Rel. Humiditys50% ljo $10 pA. ! mn 
Rel. Humidity < 50% ljo SO pA. 1 sec 
Rel Humidity s 50% hos1O WA. 1 sec 
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VIEWDATA RETURNSEG madeby Tandata, includes 1200.75 
modem, k/bd, RGB and comp op. printer port. No PSU.£6 MAG6P7 
IBM PC CASE AND PSU ideal base for building your own PC. 
Ex equipment but OK. £14.00 each REF: MAG14P2 

SOLAR POWER LAB SPECIAL You get TWO 6'x6" 6v 
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or 
motor.Superb value kit just £5.99 REF: MAG6P8 

SOLID STATE RELAYS will switch 25A mains. Input 3.5-26v 
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10 
300DPI A4 DTP MONITOR Brand new, TTL/ECL inputs, 15" 
landscape, 1200x1664 pixel complete with circuit diag to help you 
interface with your projects. JUST £24.99. REF MAG25P 1 
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG,.5-12v 
electret condenser. Cost £12 ea, Our? fourfor£9.99 REF MAG10P2 
RGB/CGA/EGA/TTL COLOUR MONITORS 12° in good 
condition. Back anodised metal case. £99 each REF MAG39P1 
GX4000 GAMES MACHINES returns so ok for spares or 
repair £9 each (no games). REF MAGSP 1 

C64 COMPUTERS Retums, so ok for spares etc £9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by Ar panel 1/8" thick with 3 panels 
that glow green when a voltage is applied. Good for nightlights front 
panels, signs,disco etc. 50- 100v per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits 
for 1 fault, you have to find the other yourself. BT Response 200's 
£18 ea REF MAG18P1, BT Response 400's £25 ea REF MAG25P3 
Suitable power supply £5 REF MAG5P 12 

SWITCHED MODE PSU ex equip. 60w 45v (55A, -5v@.5A, 
+12V@2A,-12V@.5A  120/220v cased 245x88x55mm IECinput 
socket £6.99 REF MAG7P1 

PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY fully cased with mains and o/p leads 17v DC 
900mA output. Bargain price £5.99 ref MAG6PS 

ACORN ARCH MEDES PSU «5v @ 4.4A. on/off sw uncased, 
selectable mains input, 145x100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, 
complete with PCB and components. £29 REF MAG29P 4 
SINCLAIR C6 13" wheels complete with tube, tyre and cyde style 
bearing £6 ea REF MAG6P 10 

AA NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P 11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 6.25 brand new half height floppy drives IBMcompatible 
industry standard. Just £6.99 REF MAG7P3 

PPCMODEM CARDS. These arehigh spec plugin cards made 
for the Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: MAGSP1 

INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for ali sorts of remote control 
projects. Our clearance price is just £2 REF: MAG2 

TOWERS INTERNATIONAL TRANSISTOR GUIDE. A 
very useful book for finding equivalent transistors, leadouts, specs 
etc. £20 REF: MAG20P1 

SINCLAIR C6 MOTORS We havea few left without gearboxes. 
These are 12v DC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A. 
Complete with PCB etc. A heat sink may be required. £17.00 

REF: MAG17 

VIDEO SENDERUNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
anystandard TV setin a 100' range! (tune TVtoa spare channel) 12v 
DC op. Priceis£15 REF: MAG15 12vpsuis£5 extra REF: MAG5P2 
*FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2transmitpower levels. Reqs PP3 9vbattery. Tuneable 
to any FM receiver. Priceis £15 REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200'. Ideal for garden use oras an educational 
toy. Price is £8 a pair REF: MAG 8P1 2x PP3 req'd. 
"MINATURE RADIO TRANSCEIVERS A pair of walkie 
talkies with a range of up to 2 kilometres in open country. Units 
measure 22x52x155mm. Complete with cases and earpieces. 2xPP3 
reqd. £30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2. 
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc in fact everything bar the case and electronics, a good 
Stripper £5 REF: MAGSP3 or 2 for £8 REF: MAG8P3 
SPEAKER WIRE Brown 2core 100 foot hank£2 REF: MAG2P 1 
LED PACK of 100 standard red 5m leds £5 REF MAG5P4 
JUG KETTLE ELEMENT good general purpose heating eie- 
ment (about 2kw) ideal for heating projects. 2 for £3 REF: MAG3 
UNIVERSAL PC POWER SUPPLY complete with fiyleads, 
Switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
“FM TRANSMITTER housedin a standard working 13A adapter!! 
the bug runs directly off the mains so lasts forever why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

*FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. 9v battery req'd. £5 REF: MAGSP5 
*FM BUG BUILT AND TESTED superior design to kit. 
Supplied to detective agencies. 9v battery req'd. £14 REF: MAG14 
TALKING COINBOX STRIPPER originally made to retail at 
£79 each, these units are designed to convert and ordinary phone 
into a payphone. The units have the locks missing and sometimes 
broken hinges. However they can be adapted for their original use 
or used for something else?? Price is just £3 REF: MAG3P1 

100 WATT MOSFET PAIR Same specas 2SK343and 28413 
(8A, 140v, 100w) 1 N channel, 1 P channel, £3a pair REF: MAG3P2 
VELCRO 1 metre length of each side 20mm wide (quick way of 
fixing for temporary jobs etc) £2 REF: MAG2P3 

MAGNETIC AGITATORS Consisting of a cased mains motor 
with lead. The motor has two magnets fixed to a rotor that spin round 
inside. There are also 2 plastic covered magnets supplied. Made for 
remotely stirring liquids! you may have a use? £3eachREF:MAG3P3 





BULL'S 
BULLETIN BOARD 


100MHZ DUAL TRACE 
OSCILLOSCOPES 
JUST £259 
RING FOR DETAILS 


MASSIVE 


WAREHOUSE CLEARANCE 


FANTASTIC £20.00 REDUCTION 


REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 


FROM ONLY £29. 00 


AMSTRAD 1512 BASE UNITS 


GUARANTEED 
PERFECT WORKING ORDER. 


A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET. 











































AMSTRAD 1512SD 
1512 BASE UNIT, 5.25" FLOPPY DRIVE AND 
KEYBOARD. ALL YOU NEED ISA MONITOR AND 
POWER SUPPLY. WAS £49.00 


NOW ONLY £29.00 
REF: MAG29 


AMSTRAD 1512DD 


1512 BASE UNIT AND KEYBOARD AND TWO 


5.25" 360K DRIVES. ALL YOU NEED IS A MONITOR 
AND POWER SUPPLY WAS £59.00 

NOW ONLY £39.00 
REF: MAG39 


SOLAR POWER PANELS 


3FT X 1FT 1OWATT GLASS PANELS 
14.5v/700mA 

NOW AVAILABLE BY MAIL ORDER 

£33.95 


(PLUS $2.00 SPECIAL PACKAGING CHARGE) 
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY ISREQUIRED. REF: MAG34 


FREE SOFTWARE! 


Brand new, UNUSED top quality Famous brand 
licensed software discs. Available in 5.25" DSDD or 5.25" 
HD only. You buy the disk and it comes with free BRAND 
NEW UNUSED SOFTWARE. We are actually selling you the 
floppy disc for yourown "MEGA CHEAP" storage facilltles, 
if you happento get software that you want/need/like as 
well... you get a "MEGA BARGAIN" tool 

DSDD PKT10 £2.99 REF: MAG3P7 PKT100 £16.00 REF: MAG16 



























































































£LELELEWE BUY SURPLUS STOCK£££££££ 


TURN YOUR SURPLUS STOCK INTO CASH. 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY. 
MINIMUM GOODS ORDER £500 TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNIVERSITIES, & LOCAL AUTHORITIES WELCOME ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30 
DAYS. RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE. ORDERS SUBJECT TO STOCK. QUOTATIONS WILLINGLY GIVEN FOR QUANTI- 
TIES HIGHER THAN THOSE STATED 


*SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 
























TOP QUALITY SPEAKERS Made for HI FI televisions 
these are 10 watt 4R Jap made 4" round with large 
shielded magnets. Good quality genera! purpose speaker. 
£2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2" diameter good quality tweeter 140R (ok with fff 
above speaker) 2 for £2 REF: MAG2P5 or 4 for£3 REF: MAG3P4 
AT KEYBOARDS Madeby Apricotthese quality keyboards need 
justa small modification to run on any AT, theywork perfectly but you 
will have to put up with 1 or 2 foreign keycaps! Price £6 REF: 
MAGSP3 
XT KEYBOARDS Mixed types, some returns, some good, some 
foreign etc but ail good for spares! Price is £2 each REF:MAG2P6 
or 4 for £6 REF: MAG6PA 
PC CASES Again mixed types so you take a chance next one off 
the pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4 
COMMODORE MICRODRIVE SYST EM mini storage 
device for C64's 4 times faster than disc drives, 10 times faster 
than tapes. Complete unit just £12 REF:MAG12P1 
SCHOOL STRIPPERS We have quite a few of the above 
units which are ‘returns’ as they are quite comprehensive units 
they could be used for other projects etc. Let us know how many you 
need at just 50p a unit (minimum 10). 
HEADPHONES 16P These are ex Virgin Atlantic. You can have 
8 pairs for £2 REF: MAG2P8 
PROXIMITY SENSORS These are small PCB's with what look 
like a source and sensor LED on one end and iots of components on 
the rest of the PCB. Complete with fly leads. Pack of 5£3 REF: MAG: 
3P5 or20for£8 REF: MAGB8P4 
SNOOPERS EAR? Original made to dip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running along the wall! Price is £5 REF: MAG5P7 
DOS PACKS Microsoft version 3.3 or higher complete with all 
manuals or price just £5 REF: MAG5P8 Worth it just for the very 
comprehensive manual! 5.25" only. 
DOS PACK Microsoft version 5 Original software but no manu- 
als hence only £3 REF: MAG3P6 5.25' only. 
FOREIGN DOS 3.3-Geman,French.italian etc £2 a pack with 
manual. 5.25" only. REF:MAG2P3 
CTM644 COLOURMONITOR. Madeto work with the CPC464 
home computer. Standard RGB input so will work with other ma- 
chines. Refurbished £59.00 REF:MAG59 
PIR DETECTOR Made by famous UK alam manufacturer these 
are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADIO AM/FM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fully tested and working units are £12 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232input/output. Ex equipment. Price is £27 REF: MAG27 
MAINS CABLES These are 2 core standard black 2 metre mains 
cables fitted with a 13A plug on one end, cable the other. Ideal for 
projects, iow cost manufacturing etc. Pack of 10for£3 REF: MAG3P8 
Pack of 100 £20 REF: MAG20P5 
SURFACEMOUNT STRIPPER Originally made as some form 
of high frequency amplifier (main chip is a TSA5511T 1.3GHz 
synthasiser ) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: MAG1P1. 
MICROWAVE TIMER Electronic timer with relay output suitable 
to make enlarger timer etc £4 REF: MAG4P4 
MOBILE CAR PHONE £5.99 well almost! complete in car 
phone excluding the box of electronics normally hidden under seat. 
Can be made to illuminate with 12v also has built in light sensor so 
display only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an external 
beil box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regulary) £5 REF: MAG5P 11 
FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm. With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 
SUPER SIZE HEATSINK Superb quality aluminium heatsink. 
365 x 183 x 61mm, 15 fins enable high heat dissipation. No holes! 
sale price £5.99 REF: MAG6P 11 
REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems. You may have another use? £4 ea 
REF: MAG4P5 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P 12. 
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAGSP 13 ideal for experimenters! 30 m for£12.99 ref MAG13P 1 
LOPTX Line output transformers believed to be for hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P 12 bumper pack of 10 for £12 REF: MAG12P3. 


SHOP OPEN 9-5.30 SIX 
DAYS A WEEK 





































































































PORTABLE RADIATION DETECTOR 


£49.99 


A Hand held personal Gamma and X Ray detec- 
tor. This unit contains two Geiger Tubes, has a 4 
digit LCD display with a Piezo speaker, giving an 
audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy 
from 30K eV to over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 


complete with handbook. 


REF: MAG50 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


No. 1 for Kits 





Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 
are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Uitra-miniature Room Transmitter 
Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


3-12V operation. 500m range... eee eee ennt £16.45 
MTX Micro-miniature Room Transmitter 

Best-selling micro-miniature Room Transmitter 

Just 17mm x 17mm including mic. 3-12V operation. 1000m range..................... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
500m range 


SCRX Subcarrier Scrambled Room Transmitter 


Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range £22.95 
SCLX Subcarrier Telephone Transmitter | 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation 


ATR2 Micro Size Telephone Recording interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line 
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*** Specials xxx 


DLDUDLRX Radio Control Switch 
Remote control anything around your home or garden, outside lights, alarms, paging 
system etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 





Complete System (2 its)... sees ttntnntotnat £50.95 
Individual Transmitter DUT... 7 see £19.95 
Individual Receiver DLRX EE £37.95 


MBX-1 Hi-Fi Micro Breadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
9V operation. 250m range 
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UTLX Ultra-miniature Telephone Transmitter 
Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

Ail conversation transmitted. Powered from line. 500m range 


TLX700 Micro-minlature Telephone Transmitter 
Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range 
STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

SEI Rn EE 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
Signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63mm. ON operation enne 
CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
al len eos An xed Ebo ot a B e OR e SERERE EP pP ARR Aula 
CD600 Professional Bug Detector/Locator 

Muiticolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation 
QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000m rangg 
QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range sss 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from tine. No batteries required. Size 
32mm x 37mm. Range 500m... entree £35.95 

QRX180 Crystal Controlled FM Receiver 

For monitoring any of the 'Q' range transmitters. High sensitivity unit. Ail RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 
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SMALL LOOP ANTENNAS FOR MW 
AM BCB, LF AND VLF RECEPTION 


PART 1 — INTRODUCTION 


HE Very Low Frequency (VLF) 

bands are found between 10 kHz and 
30 kHz; the LF frequencies occupy 
30 kHz to 300 kHz; and the medium 
wave (MW) band is from 300 kHz to 
3,000 kHz. Within the medium wave re- 
gion is the AM broadcast band, occupy- 
ing 540 to 1,700 kHz.* Activity in those 
bands provides some interesting oppor- 
tunities for DXers. There are AM broad- 
casters on 145 to 280 kHz, while 
maritime CW (Morse) traffic is heard on 
frequencies around 500 kHz. In the 100- 
kHz region one finds Loran-C navigation 
stations, and in the 10 to 14-kHz region 
are Omega navigation stations. Time 
and frequency standards stations oper- 
ate at 50 kHz and 60 kHz. A number of 
beacon and other miscellaneous stations 
are heard throughout the LF/VLF spec- 
trum. Several navies operate submarine 
communications stations in the VLF 
bands (several operate in 20 to 40 kHz 
region). 

An increasingly popular activity is 
natural terrestrial radio and solar radio 
astronomy observations in the VLF re- 
gion. Two different sorts of activity are 
found. Some people like to listen for 
‘whistlers’; i.e., natural radio signals cre- 
ated by distant bursts of lightning 
(Mideke, 1992). They are electromag- 
netic waves (not sound waves) in the 1 to 
10 kHz region, and typically exhibit an 
exponentially decaying tone. The solar 
radio astronomy activity is observing the 
effects of solar events that create sud- 
den ionospheric disturbances or 
SIDs (Taylor and Stokes, 1992). While 
shortwave propagation drops out due to 
D-layer absorption during SIDs, VLF 
propagation is enhanced. It is this en- 
hancement that observers look for when 
detecting SIDs. 

Noise is a big problem in the LF/VLF 
spectrum, and to some extent in the MW 
band. Lightning static and other ‘hash’ is 
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seen. There is also considerable har- 


monic energy from 50 or 60-Hz power 
mains. While such frequencies do not 
normally produce high harmonic levels, 
when power lines are considered it is 
seen that even proportionally very weak 
harmonics have considerable energy con- 
tent simply because of the high power 
levels handled by the lines. As a result, 
sensitive radio receivers see large 
amounts of power line interference. 
There is also considerable hash and 
‘birdies’ from television receivers, video 
cassette recorders and other household 
and commercial and industrial electron- 
ics devices. 


The antenna problem 


Regardless of the interest of the 
LF/VLF/AM BCB listener, there is one 
problem that is common to all of them: 





the antenna. Resonant antennas for 
LF/VLF are huge, and AM BCB antennas 
are not far behind. Over the frequency 
range mentioned above, a quarter wave- 
length antenna would range from 150 to 
25,000 metres in length. Friend, mentor, 
and past-president of the American 
Radio Relay League (ARRL), the late 
Vic Clark (W4KFC), once told me of see- 
ing a rhombic for LF submarine commu- 
nications in Peru in the early 1960s. 
Such antennas are usually 1.5A to 7A on 
each side. This one was 38.6 km 
(24 miles) on each of its four sides! A 
quarter wavelength vertical on 25 kHz is 
three kilometers high. If small verticals 
or short random length wires are used 
instead, performance suffers accordingly. 
Clearly, such antennas are beyond most 
of us. 

A popular solution to the problem of 
receiving antennas for LF/VLF/AM BCB 





a The USA recently extended the AM BCB upper limit from 1,610 kHz to 1,700 kHz. 
> It is expected that some nations will cease routine manned monitoring of 500 kHz, the international CW calling and distress frequency, in the 
near future.The US Coast Guard has already discontinued its regular 500 kHz manned radio watch. Monitoring for automatic distress signals 


will continue however. 
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Fig. 1. 
antenna. 


Directivity pattern of the loop 


reception is the use of small loops. The 
loop antenna can resonant or non-reso- 
nant, although the resonant form will 
produce a much larger output signal. In 
this article we will take a look at some of 
the basic issues in designing a simple 
loop antenna for the LF/VLF bands. 


Small loops vs. large loops 


Several different forms of loop antenna 
are used extensively, but they generally 
fall into two classes: large loops and 
small loops. The large loop variety typi- 
cally have overall perimeter lengths that 
range from about 0.5A (e.g., the mini- 
loop) to 2A (e.g., the bisquare). Perhaps 
the most common example of the large 
loop antenna is the 1A square, i.e., a 
square wire loop that is 0.251 per side 
(this antenna can be considered a “one-el- 
ement quad’). The radiation pattern of 
this antenna at its resonant frequency 
will be a bidirectional “figure-8 pattern, 
similar to a dipole, with the maxima per- 
pendicular to the plane of the loop and 
the nulls off the ends. The Delta Loop an- 
tenna is another popular example. 

Small loop antennas, on the other 
hand, have perimeter lengths which are 
considerably less than one wavelength. A 
naval training manual from World War 
II era used <0.22A as the maximum 
perimeter length for radio direction find- 
ing (RDF) loops; Jasik (1961) used 
«0.17À; Kraus (1950) used 30.12; and 
The ARRL Antenna Book (ARRL 
1988) recommends <0.085A. 

A difference between large and small 
loop antennas is seen in the current dis- 
tribution around the antenna perimeter. 
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In a large loop, the current varies as a 
function of length, with nodes and antin- 
odes at critical points (location depen- 
dent upon polarization and therefore 
feedpoint). In the small loop, however, 
the current is uniform across the entire 
length of the loop perimeter. 

A radio signal is a transverse electro- 
magnetic wave, and as such it possesses 
orthogonal magnetic (H) and electric (£) 
fields that propagate together along the 
same line; energy oscillates back and 
forth between the E and H fields. The po- 
larity of an antenna (horizontal or verti- 
cal) depends on the direction of the 
E-field. The large loop antenna responds 
primarily to the E-field of the radio sig- 
nal, while the small loop responds pri- 
marily to the H-field. This attribute of 
the small-loop antenna is one reason why 
the antenna performs well in the pres- 
ence of interfering signals from power 
mains and electrical appliances. Such 
signals near to the receiver tend to be 
dominant E-field phenomena, so the 
small loop is less sensitive to them than 
to radio signals. 

Small loop antennas are built using a 
number of common symmetrical geome- 
tries (circular, square, hexagonal, octago- 
nal, pentagonal and triangular), 
although the circular and square are 
probably the most common. For most ap- 
plications, the square form 1s probably 
the easiest to construct, so is used for 
most of the examples in this article. Àn 
interesting aspect to the circular and 
square loops is that the far fields of the 
two antennas are very nearly equal when 
the square of the loop area (A) is greater 
than, or equal to, 1/100 of the wavelength 
(i.e. A? > 2/100). 


Small-loop directivity 


The directivity of the small loop antenna 
is opposite that of the large loop, even 
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Fig. 2. Three different orientations with 
respect to advancing radio wave show why 
the null is broadside to loop plane. In (a) the 
loop is orthogonal to the wave, so more lines 
of force cut the conductors (maximum 
response); At (b) the antenna is oriented at 
an angle o, so the response is reduced by 
cos o and (c) the antenna is broadside to the 
wave, so few lines of force cut the antenna. 


though both produce ‘figure-8’ patterns. 
Like the dipole, most large loops have 
maximum sensitivity perpendicular to 
the plane of the loop. The small loop, 
however, has maximum sensitivity off 
the ends, and has the nulls (or (minima) 
perpendicular to the plane of the loop 
(see Fig. 1). 

Figure 1 also illustrates one reason 
why the loop is used for RDF, and why it 
is popular with receiver operators in the 
lower frequency bands (up to about 
7 MHz). The nulls are very sharp com- 
pared with the maxima, so can be used to 
either pin point the direction of the sta- 
tion, or to null it out. Receiver operators 
can place the null in the direction of an 
interfering station (or electrical noise 
source), nulling it out, even when the di- 
rection of the maxima is not 'dead on' the 
direction of the desired station. Even 
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Fig. 3. Dimensions and form of two loop antennas: a) circular and b) square. 
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though the antenna is not optimized for 
the desired station, it is optimized for the 
overall situation because the ratio be- 
tween the desired and undesired signal 
strengths is increased. As with signal to 
noise ratio, the ‘desired signal to inter- 
fering signal ratio’ is critical in eliminat- 
ing co-channel and adjacent channel 
interference. 

The directivity of the small loop, 
shown in Fig. 1, might not be immedi- 
ately intuitive without reference to 
Fig. 2. Here we see three loops at differ- 
ent angles with respect to the advancing 
wavefront of the radio signal. The loop 
antenna at ‘A’ is positioned for maximum 
sensitivity to the radio signal, 1.e., at a 
angle of 0 degrees. Note that it is cut by 
several lines of force by the signal, so 
produces a maximum induced current in 
the loop conductors. At ‘B’ the loop is ori- 
ented at some angle a with respect to the 
advancing wave. This loop sees a signal 
that is less than that of ‘A’ by the cosine 
of the angle. Finally, at ‘C’ we see the 
broadside situation, 1.e., the antenna is 
oriented 90 degrees with respect to the 
advancing wave front. In this case, the 
induced signal is theoretically zero, al- 
though some small signal will exist in 
practical antennas, which accounts for 
the sharpness and deepness of the null. 


Structure of the small loop 
antenna 


The simplest form of loop antenna is the 
single turn circular (Fig. 3a) or square 
(Fig. 3b) form. This type of loop antenna 
is frequently seen in the shortwave 
bands, especially above 7 MHz. Amateur 
radio single-turn RDF ‘foxhunting’ loops 
in the 10-metre and 6-metre bands are 
well known. At the VLF, LF and AM 
BCB frequencies, however, single turn 
loops are not too popular because of the 
small signal pick-up exhibited. Exami- 
nation of Eq.[1] demonstrates that a 
small loop would need a fairly large 
physical size (especially area A) in order 
to compensate for the lack of turns when 
the wavelength (A) gets large. The output 


voltage, U,, is found from: 
_ 2H AN Eg cosa i 
S A 
Where: 


U, is the output signal level in volts; 

A is the area of the loop in square meters 
(m?); 

N is the number of turns in the loop; 

E, is the strength of the radio signal in 
volts per metre (V/m); 

o is the angle of arrival of the signal, as 
defined above, in degrees; 

à is the wavelength of the received sig- 
nal, in metres (m). 


The circular loop antenna is physically a 
bit harder to construct than the square 
loop, so for this article we will concen- 
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Fig. 4. Form of the standard square loop. 


trate largely on the square loop. 
Figure 4 shows the basic structure of 
the multi-turn square loop. Two largely 
equivalent forms of square loops are the 
depth wound (as shown) or the planar 
wound. In the latter form, the turns are 
wound all in the same plane, with the 
square formed by any one turn being 
slightly different in dimension than the 
turns adjacent to it. In the depth wound 
type, the turns form the same size 
square, but they are, so to speak, stacked 
on top of each other. In the depth wound 
square loop, the ‘b’ dimension is the loop 
thickness, while in the planar wound 
form the ‘b’ dimension is its width. A con- 
straint on the square loop design is that 
the length of each side be five times (or 
more) either the width or depth (a = 55). 
Shortly we will discuss methods for 
winding the square loop. 

You may sometimes see small loop an- 
tennas characterized by their 'effective 
height’ (Hy), which is a theoretical con- 
struct that compares the output signal 
level (U,) to a vertical piece of the same 
type of wire of height H,4 The effective 
height 1s: 


27 NA 
A 

When practical examples are worked, it 
will be noted that for any easily obtained 
field strength the output voltage of a 
small loop antenna is quite small. There 
are three strategies for increasing the 
output voltage of the loop without resort- 
ing to amplification (which can also be 
used). First, note that the output voltage 
in Eq.[1], and the effective height in 
Eq.[2], are directly proportional to the 
number of turns (N) in the loop. By 
adding more turns, the output voltage is 
increased. However, there 1s a practical 
limitation. to this approach because 
adding turns increases resistive losses 
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Fig. 5. 
version). 


Resonating the loop (parallel 


and also stray capacitance. The stray ca- 
pacitance can be remarkably high, and 
results in a relatively low self-resonance 
point if too large. 

The second strategy is to increase the 
area of the loop. The area rises according 
to the square of the loop sides (A=a’). 
Thus, doubling the length of the loop 
sides quadruples the output voltage. The 
practical limitation on this approach is 
the physical difficulties of building and 
siting a large loop. I have seen 5-metre to 
the side square VLF loops, but at a rural 
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Fig. 6. Resonating the loop (series version). 
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Fig. 7 Using a varactor diode to remotely tune the loop using a direct voltage. 





Table 1. Shape co-efficients K, for Grover's equation. 


university site, and not an urban resi- 
dential site. 

The third strategy is to resonate the 
loop inductance with a capacitance. The 
output voltage of the resonant vice non- 
resonant loop is multiplied by the figure 
of merit (Q) of the resulting LC tuned cir- 
cuit; typical values run from 5 to 200, 
with values near 100 being quite easy to 
obtain. The output voltage of the reso- 
nant loop is: 


_ 2HANQE; cosa 
E A 


Figure 5 shows the resonant loop and 
the equivalent LC circuit (neglecting re- 
sistance). Only one turn is shown for 
simplicity, but the same diagram also 
suffices for multiturn loops. A capaci- 
tance (C,) is in parallel with the loop in- 
ductance. When resonated, the loop will 
produce a signal many times larger than 
the signal of the un-resonated loop. 
However, the gain in signal output is at 
the expense of convenience. The resonant 
loop must somehow be tuned, which 


Us [3] 
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makes remote siting of the loop antenna 
(e.g., outdoors or in the attic) somewhat 
more difficult. In some cases, the loop is 
series resonated, as shown in Fig. 6. 
This approach 1s probably somewhat less 
common than the parallel approach, but 
is available to those who wish to try it. 

The capacitors used for loop antennas 
tend to be receiving type 'broadcast vari- 
ables'. I have used 365-pF single section 
variables, 380-pF, and 3x365-pF with all 
three sections in parallel (1,100 pF). 
Another good prospect is the 500-pF sin- 
gle section units offered by Maplin 
Electronics (P.O. Box 3, Rayleigh, 
Essex, SS6 8LR, UK). 

Figure 7 shows the use of a voltage 
variable capacitance diode (‘varactor’) to 
resonate the antenna. The additional ca- 
pacitors are a trimmer (C,) and a parallel 
capacitor used to increase the overall ca- 
pacitance. These extra capacitors are 
needed generally because few varactors 
are available over 500 pF, so it may be 
the case that practical sized loops cannot 
easily be resonated with only a varactor 
at LF and VLF frequencies. 


Loop inductance 


There are several different ways to calcu- 
late loop inductance, and they produce 
somewhat different results. Three meth- 
ods are found in the literature, although 
one (Patterson, 1987) applies largely to 
single-turn loops made of large diameter 
conductors (3 to 20 mm) so is used mostly 
at high MW and low HF. For AM BCB 
and below, one might wish to pick from 
Somerfield’s (1952) equation or Grover’s 
(1946) equation. 


Somerfield’s equation: 


2 
jou eu Ka [4] 
m b 


Where: u, = 4x x 107, and the turns are 
spaced on width 5, a distance of b/(n—1) 
apart (i.e. close-wound). The Somerfield 
equations seem to work within an ex: 
pected range of error, but Grover's equa: 
tion seems closer to the actual 
inductance measured in empirical tests 
performed by me. 


Grover's equation: 


BRN al te EET dst Eat aen 
(n+1)b "LU oan 


Where: 

L is the inductance in microhenrys (uH); 
a is the length of a loop side 1n centime- 
ters (cm); 

b 1s the loop width in centimeters (cm); 

n is the number of turns in the loop; 

K, through K, are given in Table 1. 





The equations of Patterson (1967), re- 
ported by David (1991): 


L = (0.005084) (2303 logt- e [6] 


Where: 

L is the loop inductance in microhenrys 
(uH); 

a is the length of the perimeter of the 
loop (inches); 

d is the conductor diameter (inches); 

ois a factor from Table 2. 





Table 2. 
equation. 


Shape factors o for Patterson's 
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Performing several experiments with 
VLF loops showed that the Somerfield 
equation differed from the inductance 
read by a digital LC meter by 20 to 
25 percent, while the inductance calcula- 
tion from Grover was nearer the mark. 
One loop that I built measured 6.96 mH 
on the meter, and Grover predicted 
6.33 mH. A BASIC program for calculat- 
ing the loop inductance based on Grover 
is provided with this article. The version 
of the program published here will run 
on any MS-DOS compatible machine, 
and must be run through BASICA, GW- 
BASIC or their equivalent.‘ 

To resonate the loop requires a spe- 
cific capacitance determined by the reso- 
nance equation. Because there is often a 
tremendous stray or distributed capaci- 
tance (C,), this value must be accounted 
in the calculation. In one loop that I 
built, measuring 61 cm per side with 
50 turns of wire, the capacitance was 
nearly 200 pF. This value was confirmed 
two ways. First, by finding the self-reso- 
nant point, and knowing the inductance, 
it could be calculated. Second, by mea- 
suring the resonant frequency with a 
known capacitance (330 pF) and noting it 
was too low for the loop inductance and 
fixed capacitance. The stray capacitance 
could be calculated by subtracting the 
fixed 330-pF capacitance from the calcu- 
lated capacitance needed to resonate the 
inductance to the frequency measured. 
Crude, but it works well. Both methods 
yielded numbers of the order of 200 pF, 
with about 15 percent difference between 
them. The overall capacitance needed 
can be calculated from knowledge of the 
loop inductance and the desired resonant 
frequency: 


posce 


Where: 

f is the resonant frequency in Hertz (Hz); 
C, is the value of the fixed capacitor in 
farads (F5; 

C, is the stray capacitance in farads (F); 
L is the inductance in Henrys (H). 


Shielded small-loop 
antennas 


The ideal pattern of Fig. 1 shows uni- 
form main lobes and sharply defined 
nulls. These attributes are the key to the 
successful use of the loop. But when the 
loop is close to the ground or other ob- 
jects, the pattern will be severely dis- 
torted by stray coupling. The nulls tend 
to fill in, and the maxima lobes tend to 
become distorted. The answer to this 
problem is to isolate the loop antenna in 
a shielded enclosure, as in Fig. 8. 
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Fig. 8. Shielded resonant loop. 
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Fig. 9. Loop antenna with a coupling loop. 


The gap in the shield is needed in 
order to allow the antenna to be exposed 
to the magnetic component of the electro- 
magnetic wave. Because the shielding is 
effective against the electric field, and 
the loop responds most favourably to the 
magnetic field, the shield offers even fur- 
ther protection against stray E-fields 
from power lines and appliances. 

Common practice calls for use of a 
small metal box to hold the variable ca- 
pacitor and any coupling circuitry, and 
copper foil to surround the loop wind- 
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ings. Thin gauge copper foil can be found 
at hobby shops, the kind that model air- 
craft and ship builders frequent, as well 
as shops that sell to amateur doll house 
manufacturers. Generally, 36 to 
44 gauge foil is used. Thicker copper ma- 
terial, such as roofing copper, is usable 
as well, but provides little or no electrical 
advantage at the cost of more money and 
considerable effort in forming the shield. 
While foil can be worked with a cheap 
pair of scissors, roofing copper must be 
worked with professional ‘tin snips’ or 
equivalent tools. 


Coupling the loop 
antenna to the receiver 


Before an antenna can be useful it must 
be coupled to the receiver. The simplest 
method for coupling a loop antenna to 
the receiver is to connect a coaxial trans- 
mission line across the output voltage 
terminals (A-B). While simple and ap- 
pealing, it is also not a very good method, 
especially if the loop is tuned (the coax 
capacitance will detune the resonance 
point) Other methods are clearly 
needed. 

Figure 9 shows the use of a trans- 
former coupling winding on the loop an- 
tenna. The main winding is the 
multiturn loop antenna, and, in this 
case, it is resonated to a specific fre- 
quency by C,; non-resonant loops also 
work using this same style of coupling. 
The coupling loop is one or two turns of 
wire wound along with the main loop. 
Some builders prefer to embed the cou- 
pling loop in the same bundle of wires as 
the main loop. For most applications, one 
or two turns will suffice for the coupling 
loop, although at LF frequencies, where 
the main loop may be 50 to 150 turns of 
wire, more may be needed. 

In some antennas, the coupling loop is 
resonated with a series connected vari- 
able capacitor. Because there are so few 
turns on the coupling loop the series res- 
onant capacitor must be much larger 
than the main tuning capacitor. As a re- 
sult, it is not common to find coupling 
loops resonant below the MW BCB be- 
cause of the capacitance required. 

The coupling loop can be either 
grounded at one end, for single-ended 
output, or used in a balanced configura- 
tion. In any event, it is common practice 
to use a preamplifier to boost the output 
of the coupling loop. Almost any wide- 
band amplifier that covers the frequency 
range of interest will suffice, and we will 
examine a few candidate designs shortly. 

Some people use a transformer be- 
tween the coupling loop and the input of 
the amplifier. Most small audio output 
transformers intended for transistor cir- 
cuits will work well into the VLF region. 
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Fig. 10. Using an audio transformer to 
couple to the receiver. 


The most common type used in antenna 
coupling has an 8-Q secondary and a 
1000-Q primary. In the antenna circuit, 
however, the roles of the windings are re- 
versed: the 8-Q winding is connected to 
the output of the antenna coupling loop, 
while the 1,000-Q winding is connected 
to the input of a preamplifier. 

The frequency response of even the 
lowest cost audio transformers can be as 
high as 70 or 80 kHz, although the region 
below 50 kHz is typically flatter than the 
higher end of the bandwidth. 
Commercial grade audio transformers 
are available with impedance ratios sim- 
ilar to the output transformers cited 
above, but with +1 dB bandwidths of 
150 kHz. Although the cost is high, they 
work well in this application. Mini- 
Circuits offers small RF transformers in 
DIP IC-like packages. Several type num- 
bers are available, with various turns ra- 
tios, that offer frequency response down 
to VLF region; some have +3-dB points 
as low as 10 kHz. For loop antennas in 
the upper end of the VLF region, and 
lower end of the MW region, a modified 
455 kHz interstage transformer can be 
used; use the type that has a resonant 
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Fig. 11. Using a single-ended preamplifier at 
the output of the loop. 
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winding and a low-impedance coupling 
winding. Remove the capacitor that res- 
onates the primary. On most small tran- 
sistor radio IF transformers, the 
resonating capacitor is external to the 
transformer shell, located in a recess in 
the insulating base of the part. It is a 
tubular ceramic capacitor and can be re- 
moved by crushing. 

A slightly different approach is shown 
in Fig. 10. In this case, a non-resonant 
shielded loop antenna without a coupling 
loop is used. The transformer is an audio 
interstage or line-to-line transformer. 
Devices that have been used successfully 
include 150:150, 500:500, 600:600 and 
1000:1000 Q units; also used have been 
step-up transformers. The principal fea- 
ture required is that the primary wind- 
ing be centre-tapped. The centre-tap of 
the transformer primary is connected to 
the shield surrounding the main loop. 
The transformer's secondary winding can 
be connected to the input of a preampli- 
fier, or fed directly to the receiver an- 
tenna input. 

Figures 11 and 12 show the use of 
preamplifiers connected to the output of 
the loop antenna, or a coupling loop. The 
connection in Fig. 11 is an amplifier with 
a single-ended input. One side of the loop 
output is grounded, and the other is fed 
to the input of the amplifier. The circuit 
in Fig. 12 shows the use of a push-pull 
preamplifier. The outputs of the two ac- 
tive elements are combined in an output 
transformer; the secondary of the output 
transformer is connected to either addi- 
tional amplification or directly to the re- 
ceiver antenna terminals via coaxial 
cable. 


Next month... 


Now that we've learned a bit of the the- 
ory about loop antennas, it is time to put 
it into practice and discuss how one goes 
about actually making a loop antenna. 
Next month we will look at practical con- 
struction details, loop preamplifier cir- 
cuits and loop applications that might 
not immediately spring to mind. 
(940028-1) 
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HOME SECURITY 

By Vivian Capel 

ISBN O 7506 1809 4 

Price £ 14-95 (soft cover) 

Being burgled is traumatic; it is a per- 
sonal assault. Yet, in Britain, as in most 
other European countries, a house is bro- 
ken into every 10-20 seconds every day, 
seven days a week, year in, year out. What's 
more, the rate is increasing, the police are 
powerless. This, and its direct conse- 
quence: higher insurance premiums, is a 
compelling reason to make our homes 
more secure. This book provides practi- 
cal, independent guidance on how to do 
this. Itshows how burglars work and how 
to thwart them. In a jargon-free way, the 
selection and installation of alarm sys- 
tem are described in this practical guide 
for home-owners. 

There is a plethora of security devices 
now on offer. Large sums can be spent, yet 
weak links may be left unrecognized - ex- 
cept by the burglar. Good independent 
advice is scarce, as most security firms favour 
their own products. This book explains the 
pros and cons of alarm system, including 
how to avoid faults and find them if they 
occur. ‘Friendly security’ is particularly 
featured, and other security devices are given 
a critical scrutiny. Further measures to avoid 
becoming a victim of crime are also discussed. 

Descriptions and circuits are given for 
two simple tested designs, one for the 
frome and one for a foolproof public hall 
system, for those with some technical and 
constructional skills. 

With recent estimates suggesting that 
the market for security is growing at 12% 
a year, this is a timely and straightfor- 
ward guide to the wide range of technolo- 
gies and devices used to maintain secu- 
rity in homes and small premises. 

This Butterworth Heinemann publi- 
cation is available from Reed Book Services, 
PO Box 5, Rushden NN10 9YX. 


ELECTRONIC MUSIC and 

MIDI PROJECTS 

By R.A. Penfold 

ISBN 1 870775 24 4 

Price £ 9-95 (soft cover) 

Home made equipment has been part of 
the electronic music scene for just about 
aslongasthere has been electronic music. 
In the early days, there was often no al- 
ternative to using home constructed equip- 
ment since ready made alternative were 
conspicuous by their absence. Also, the 
commercial electronic music gear that 
was available tended to be quite expens- 
ive. Today's ready-made electronic in- 
struments are much more affordable, but 
in many cases, it is still possible to pro- 
duce home constructed units for signifi- 
cantly less than the cost of broadly com- 


parable ready-made alternatives. It is also 
still possible to build effects units that 
have no true commercial counterparts. 

Whether you wish to save money, boldly 
go where no musician has gone before, 
rekindle the pioneering spirit, or simply 
have fun building some electronic music 
gadgets, the designs featured in this book 
should suit your needs. The projects are 
all easy to build, and some are so simple 
that even complete beginners at electronic 
project construction can tackle them with 
ease. The basic mixer, MIDI tester, MIDI 
lead tester, metronome, electronic swell 
pedal, THRU box, and MIDI automatic 
switcher are all well suited to beginners. 
Stripboard layouts are provided for every 
project, together with a wiring diagram. The 
mechanical side of construction has largely 
been left to individual constructors to sort 
out, simply because the vast majority of 
project builders prefer to do their own 
thing in this respect. 

None of the designs requires the use of 
any test equipment in order to get them 
set up properly. Where any setting is re- 
quired, the procedures are very straight- 
forward, and they are described in detail. 

The projects in this book are primarily 
aimed at keyboard players. Guitarists are 
catered for in a separate book, Electronic 
Projects for the Guitar, from the same pub- 
lisher and author as this publication. 

PC Publishing, 4 Brook Street, Ton- 
bridge, England TN9 2PJ. 


IN-CIRCUIT TESTING 

By Allen Buckroyd 

ISBN O 7506 0930 3 

Price £ 35-00 (hard cover) 

This book is aimed at potential purchasers 
and users of in-circuit automatic testers 
who are attracted to the concept of ICT, but 
who may need help. This includes test 
engin-eering managers who need guid- 
ance on which equipment to buy for a 
given application (and how to financially 
justify the purchase), and ATE program- 
mers, test engineers and technicians who 
would welcome practical advice on how best 
to use the chosen ATE. 

The work, by Allen Buckroyd, project 
manager at GEC-Marconi Communications 
and author of Computer Integrated Testing, 
is the key introduction to ICT for ATE staff 
and test engineers. 

The book gives a description ofwhat ICT 
can and can not do, and answers many ques- 
tions on how tests are actually carried 
out, with benefits and drawbacks of the 
techniques. 

This Butterworth Heinemann book 
is available from Reed Book Services, 
PO Box 5, Rushden NN10 9YX. 


TUBE CIRCUITS FOR 

AUDIO AMPLIFIERS 

ISBN 1 882580 036 

Price S 16.95, excl. p&p (soft cover) 
This book, dealing with power amplifiers 


and preamplifiers for monaural and stereo- 
phonic reproduction from microphone, 
radio, tape and pick-up signals, was first 
published by Mullard Ltd, a wholly owned 
subsidiary of Philips Electronics NV, in 
1959. Subsequently, in 1988, Mullard 
changed its name to Philips Components 
Limited. It is now reprinted by 

Audio Amateur Publications Inc. 
PO Box 243, Peterborough, NH 03458- 
0243, USA. 


Recent books from Babani include: 


A CONCISE INTRODUCTION TO 
MICROSOFT WORKS FOR WINDOWS 
By P.R.M. Oliver and N. Kantaris. 
ISBN 0 85934 343 X 

Price £ 5-95 (soft cover) 


AN INTRODUCTION TO SATELLITE 
COMMUNICATIONS 

By F.A. Wilson 

ISBN 085934 326 X 

Price £ 5-95 (soft cover) 


A CONCISE INTRODUCTION TO 
WORD 5.1 ON THE MACINTOSH 
By J. Glenwright 

ISBN 0 85934 253 0 

Price £ 5-95 (soft cover) 


PRACTICAL ELECTRONIC TIMING 
By Owen Bishop 

ISBN 0 85934 317 0 

Price £ 4-95 (soft cover) 


WORDPERFECT 6 EXPLAINED 
By P.R.M. Oliver and N. Kantaris 
ISBN 0 85934 3510 

Price £ 5-95 (soft cover) 


A BEGINNERS GUIDE TO 
TTL DIGITAL ICs 

By R.A. Penfold 

ISBN 0 85934 332 4 

Price £ 4-95 (soft cover) 


A CONCISE INTRODUCTION TO 
WORDPERFECT 5.2 FOR WINDOWS 
By P.R.M. Oliver and N. Kantaris 
ISBN 0 85934 339 1 

Price & 5-95 (soft cover) 


MS-DOS 6 EXPLAINED 

By N. Kantaris and P.R.M. Oliver 
ISBN 0 85934 341 3 

Price £ 5-95 (soft cover) 


Bernard Babani (publishing) Ltd, The 
Grampians, Shepherds Bush Road, 
London W6 7NF. Telephone 071 603 
2581/7296. Fax 071 603 8203. 
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PROGRAMMER, EPROM, E2PROM & FLASH for all types 2k (2716) to 8meg (27C080) 12.5 to 25 voit. 
Connects to printer port on IBM PC, fast program (27512=45 secs). Comprehensive editor software Requires 15-30voit 
AC or DC power supply (optional extra £6.50) only £99.95 
ROM emulator Works with ANY computer with printer port. Code sent to printer appears in ROM on target board. 
Fast download, switchable tot emulate up to 32k ROMs, «0.2.0.0 eee £39.95 
PC SCOPE Fast 8 bic A/D converter connects to printer port on IBM PC Suppiied with Scope and Voltmeter 

software with Data and A/D routines to write your own programs only £29.95 
PICI6C54/55/56/57/84/71 programmer Run on IBM PC, with editor software, protection fuse blowing etc. Requires 
15-20 volt AC or DC power supply (Optional extra £6.50) only £69.95 





LOW COST PICI6C54/56/71/84 LCE Connects to printer port on IBM PC. In circuit emulator with single step, go 
with breakpoints etc. 
Supplied with connection information and PIC Dev 54 or PIC Dev 71 software as below 


PIC DEV 54 Integrated Text editor/Assembier/Dissembler/Simulator for 54/55/56/57 Pics. Runs on IBM PC. 


only £89.95 


Single step trace go with breakpoints etc. Everything you need to write and debug programs. Runs with or without the 

IC.E. unit. Software only £29.95 
PIC DEV 71 As above but for PICI6C71/81 controllers Software only £29.95 
ASM5I + SIMSI Text Editor /Assembler plus Simulator for Micro controllers 8051/52. Runs on IBM PC. Full control of 
Registers & memory. Label disassembly, program trace, single-step etc Software only £19.95 
ASM48 + SIM48 Same as ASMSI but for 8748/49 Micro controllers Software only £19.95 


All hardware carries a 12 months parts & Labour Guarantee. 
S.A.E. or Telephone for further details 
PLEASE ADD £1.50 POST & PACKING 
JOHN MORRISON (MICROS) DEPT EI 
EN 4 REIN GARDENS, TINGLEY, WEST YORKSHIRE, 
WF3 IJR. TELEPHONE 0532 537 507 
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BADGER &&\ BOARDS 


Printed Circuit Boards for Amateur Radio Schools Colleges 
Short Wave Listeners Clubs Hobbyists & Industry 











A range of Printed Circuit Boardsin stock from many of the Projects in Magazines 
PRACTICAL WIRELESS O SHORT WAVE MAGAZINE O ELEKTORO HRT 
RADIO COMMUNICATION 
Kits Projects and Materials for manufacturing your own boards. Artwork and Plotting from 
your own Schematic drawings and also C. A.D. facilities. We supply ONE OFF Prototypes 
Phone between 9.00am and 5.30pm Monday to Friday for helpful advice and assistance 
Club talks and demonstrations of Printed Circuit Board manufacture QRP involvement etc 


021-353 9326 


87, Blackberry Lane, Four Oaks, Sutton Coldfield. B74 4JF 


(Please mention where you spotted this advertisement) 














PRINT, IS IT PROPER? 


Most advertisements are perfectly proper. 

A few are not. 

The Advertising Standards Authority not only 
monitors over 850 advertisements every month, it ensures 
compliance with the rules in the strict Code of Advertising 
Practice. 

So when you question an advertiser, they have to 
answer to us 

To find out more about the role of the 
ASA, please write to the address below. 

Advertising Standards Authority, 

Department X, Brook House, Torrington 
Place, London WCIE 7HN. 


*""«955*608*902309$200090909*9 


This space is donated in the interests of high standards in advertisements. 
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WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 
TEKTRONIX 7000 SERIES OSCILLOSCOPES 
AVAILABLE FROM £200 


PLUG-INS SOLD SEPERATELY 


TEKTRONIX 2235 Dua! Trace 100 MHz Delay Sweep... 
PHILLIPS 3065 2+1 Channels 100Mhz Dual TB Delay Sweep 
TEKTRONIX 475 Dual Trace 200 MHz Delay Sweep 
TEKTRONIX 465 Dual Trace 100 MHz Delay Sweep 
TEKTRONIX 2215 Dual Trace GO MHz Delay Sweep csse 
TEKTRONIX 455 Dual Trace 50 MHz Delay Sweep 
TEKTRONIX SC504 Dua! Trace BOMHz i^ TM503B 
HITACHI V650F Dual Trace 60MHz Delay Sweep 
HAMEG 605 Dual Trace 60MHz Delay .. Kian A ai dad irata 
PHILLIPS PM3217 Duai Trace 5OMHZ Delays Sweep . 
GOULD 0$1100 Dual Trace 30MHz . E gege Eege 
IWATSU $S5702 Dua: Trace 20MHz.. EE ERR d d.i 
GOULD 0S300 Dual Trace 20MH2 nene eee E200 
GOULD 0S2508 Dual Trace 15MHz. nene eee £125 
TELEQUIPMENT D32 Dual Trace 10MH2 Mains/Batte .. sss £200 
TEKTRONIC 2430 Dual Trace 150MHz Digita! Storage. .. .. £2000 
TEKTRONIC 466 Dual Trace 100MHz Delay Sweep Analogue Storage .. .. £450 
HP 17414 Dual Trace 100MHz Delay Sweep Analogue Storage 

THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE 


PHILLIPS PM5193 Programmable synthesizer/ 
Function Generator 0.1MHZ - 50MHZ IEEE-488. 


MARCONI 2018 Syntnesized AM/FM Sig Gen 80KHz 520MHz 

RACAL 9081 Synthesized Sig Gen 1.5 520MHz 

EIP/DANA 3410 Microwave Frequency Counter 20Hz 18GHz ........ 
RACAL/DANA 1991Nanosecond Universal Counter sees 
RACAL 9302 RF Millivoltmeter True RMS 10KHz1.5Ge2 ..... sss. 
RACAL 93014 RF Millivoltmeter True RMS 10KHz1.5GH2 oe 
RACAL 9009 Automatic Mod. Meter 10MHz-1.56Hz Wide Deviation ...... 
LYONS PG73N Pulse Gen. PRF 1Hz - 20MHz 

KEITHLEY 224 Programmabie Current Source . 

FARNELL PSG520 Syn AM/FM Sig. Gen 100KH: - 520MH2.. 

PHILLIPS PM6309 DISTORTION Meter 0.01% 

H.P. 53414 Frequency Counter 50MHz - 4.5GHz 

RACAL 1998 Freq Counter 1.3GHz (GPIB & High Stab) 
GAY MILANO iine Voltage Analyser... eee 
HP 7470A Plotter 2 pen HPIB.......... 


BRUEL & KJOER Vibration Exciter System 
Consisting of Exciter Control 1047: Power Amp 
2708 & Exciter Body 4802 (up to 1780M - 400lbf) 
OTHER B&K EQUIPMENT AVAILABLE 


SPECTRUM ANALYSERS 


H.P. 141T with 85554 & IF Plug-In 10MHz - 18GH7 ........... £1800 
H.P. 1417 with 8554B & 85528. 500KH2 - 1250MHz £1300 
H.P. 140T with 8554L & 8552A 500KHz - 1250MH: ......... £1000 
H.P.141T with 8556A & 85528 20Hz - 300KHz ................ £1000 
H.P. 140T with 85536 & 8552A 160H2 - 110MHz.............. £800 
MARCONI TF2370. 1KH2- 110MHz £1500 
H.P. 182C with 8558B 100Hz - 1500MHz ....................... £1500 


H.P. 86408 Sig. Gen.20Hz 1024MHz .. LM D UN E 

H.P. 8620C Sweep Osc. with 862454 5. 9. 12. AGH? | 

MARCONI Digita: Freq. Meter 2GH2 20. 

BRADLEY 192 Oscilioscope Calibrator .......... 

WILTRON 500 Scaler Network Analyser wit" Detectors .. 

FERROGRAPH Audio Test Set with ATU, TE 

LINDON LAT Mk2B Audio Analyser .. i 

DATRON 1061A - 6.5 agi: true RMS AC Current .. 

DATRON 1065 Multimeter AC/DC ohms IEEE .. 

HEWLETT PACKARD 3490A Bench Multimeter, 5 D: git AC, OC; Orms ... £200 
PHILLIPS PM2534 Mult: Function DMM 3.5 - 6.5 digit with 

GPIB IEEE. . ni .. Only £450 
MARCONI Digital Frequency Mee ‘er 24308 10Hz 80MM; .. ..£125 
MARCONI Digital Frequency Meter 24314 10Hz 200MHz.. eee E150 
MARCONI Universal Counter Timer 2437 OC - 100MH7 e. £175 
MARCONI Universal Counter Timer 2438 DC 3520MHa ...................... £225 
BLACK STAR Jupitor 500 Sine/Sq/Trn 0.1Hz 500KHz oe £70 
THANDAR TG101 Func Gen. 0.02Hz-200KHz Siae/Sq/Tr/TTL .............. £60 


SOLARTRON/SCHLUMBER 1250 FREQUENCY 
RESPONCE ANALYSER 


H.P. 85908 Sweep Osc with 86974 de IN, 26,5-A40GHz isses 
RACAL /DANA RF Power Meter 9104 . . 

WAYNE KERR 6905 Automatic Prec sion Bridge 0.05% 

WAYNE KERR 8605 Automatic Comaonen: ad 0 1% 

WAYNE KERR 8424 Digital LCR Meter 

COSSOR 108L Optical Cabe Fau t Locator 

BICCOTEST T431M Cable Test Set ....... 

FARNELL PSU. TVS70MK2. 70V 54/30¥ 10A . 

FARNEL PSU H60;25 0-60V: 0 25Amps Metered .. "DET 
FARNEL B30;20 0:30V, 20&mps wo sss sss eee eee 
FARNEL B20/10 0-30V, 10Amps aaa Canadas ois re aja a Te rages 
BRANDENBURG 472R PSL +;- 2KV .. MO e 
MARCONI TF2700 Universal LCR Bricge. Battery from . ee 
FARNELL 14520 RF Power Amp. 1.5-520MHz 300mW ..... caste ta this 
RACAL 9100 Abso-ption Wattmeter 1MHz-1GHz Ae i ot aaa ati 
KIKUSUI AVM23 AC voltmeter Dual LUH2 - 500MHz ss ee 
AVO Vave Tester CT160 


FARNELL ISOLATING TRANSFORMERS 
GU500 240v 500A Un-Used £50 


ISOLATING TRANSFORMERS 5004 Un-Cased £30 


HAMEG OSCILLOSCOPE HM 1005 Triple Trace 100MHZ. 

Delay Timebase..... ..... RH IR ER ee 

HAMEG OSCILLOSCOPE HM 604 Dua! Trage GOMHZ. 

Delay Sweep ............ 

HAMEG OSCILLOSCOPE HM203 1 H ‘Dual Trace 20MH2. 

Component Tester ........... DENEN EIB 

HAMEG OSCILLOSCOPE HM205. 3 Dua: Trace 20MHZ. 

Digita! Storage . : . £653 
All other mögels: availabie ie EES OSC sc lloscopes st nal ied — 2 iones 


BLACK STAR EQUIPMENT (p&p al! units £5] 
APOLLO 10 - 100MHZ Counter Timer Ratio,Period /Time Interval etc 


APOLLO 100 100MHZ IAS above with r more > functions} . 
METEOR 100 FREQUENCY COUNTER 100MHZ.. 
METEOR 600 FREQUENCY COUNTER 600MHZ .. 
METEOR 1000 FREQUENCY COUNTER 1GH2 . js 
JUPITOR 500 FUNCTION GENERATOR 0.1 KZ- 500kHZ. $n ne; /Sc/ tri T 
ORION COLOUR BAR GENERATOR Pal/TV;/Vldeo 

All other Black Star Equ'pmen: aya lable, 


OSCILLOSCOPE PROBES Switchable xl: X10 «P&P £31... 


Used Equipment Guaranteed- Manuals supplied if possible 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabillty before ordering CARRIAGE all units £16 
VAT to be added to Total of Goods and Carrlage 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 IPL 


ES 





Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mon-Fri (until 8pm Thurs) 


Since 1980, Speaker Builder has been exploring 


Use your electronics know-how to 
create great sound! 


Speaker Builder, the world's only loudspeaker 
magazine in English, can show you how to achieve 
excellence in sound from your stereo system. 
Whether you're modifying and improving your 
present speakers or building a new design from 
scratch, Speaker Builder contains the latest in 
loudspeaker technology. Within its pages, learn 
about Thiele-Small design software, build an in- 
expensive measurement mike good enough for the 
professionals, or simply indulge in reading about 
the experiences of others using their technical 
skills to improve the sound around them. 








both the traditional and more unusual formats for loudspeakers. From pipes to 
corrugated boxes to transmission lines and electrostatics, every conceivable 
medium is discussed. An international forum for speaker enthusiasts the world 
over, sharing ideas and designs, Speaker Builder has made it possible for 
thousands to enjoy the highest quality sound without straining their budgets. 


The publishers of Speaker Builder invite you to use your electronics know-how to 
discover the world of better sound. To subscribe, simply return the form below with 
your payment or FAX your credit card order and receive 8 issues of Speaker Builder 
for a low introductory rate of $45 for a one- year subscription. That's a $5 savings 
off the regular overseas airmailed rate. Or you may subscribe for two years at $80 


($10 off). 








C One Year $45 U] 2 Years $80 
Remittances in US funds drawn on a US bank only. 









MCNISA NUMBER EXP. DATE 
NAME 


ADDRESS 





Gm ST ZIP 


Speaker Builder 
PO Box 494, Peterborough, NH 03458-0494 USA 
(603)924- 9464 or FAX 03)924- 9467 24 hours 
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LETTERS 


Dear Editor—I have read with great interest 
the 8051/8032 assembler course written by 
Dr. Ohsmann. I have constructed the BASIC 
computer and some extensions with success, 
thanks to the diskette bought from you. I have 
also constructed two applications for auto- 
matic control of hydraulic presses. All the 
knowledge acquired is thanks to you. 

I and my son are designers and makers of 
photocolorimeters for chemical analysis and 
we hope to make an instrument controlled by 
one microcontroller of the 8051 family. 
Unfortunately, we do not know how to calcu- 
late the logarithm of the measure in assembler 
language which is primordial in this equipment 
(the absorption of light, the perception of 
sound, and so on, follow a logarithmic law). 
The 8052 BASIC does the job, but the setup 
occupies too much space in the memory and, 
besides, the 8032 is much cheaper. We would 
therefore like to work in assembler language 
(which would also be useful for making a pho- 
tometer, an audiometer and a deciblemeter, 
among others). Four decimal places would be 
sufficient for these purposes. 

Can you ask the author to write the neces- 
sary routines in assembler? [ am, of course, pre- 
pared to pay areasonable price for this. Orcan 
you suggest any books in which I may find the 
required information? 

Lorenzo A. Andali, Rosario, Argentina. 


This letter has been copied to the author for a 
direct reply, but other readers may be inter- 
ested in replying to Mr. Andali's request. If so, 
write in the first instance to us. 

[Editor] 


Dear Editor—1 have been a regular subscriber 
to Elektor Electronics for 13 years and have 
usually found something of direct interest to 
me in every issue, but because ] do not own a 
PC and have little interest in computers, there 
have been times when I have hesitated about 
renewing my subscription. However, when Í 
looked through the March issue, I was glad I 
had not cancelled my subscription at the end 





COMPONENT RATINGS 


Inresistor and capacitor values, decimal points 

and large numbers of zeros are avoided wher- 
ever possible. Small and large values are usu- 
ally abbreviated as follows: 


p(pico-) 210-2 
n(nano-)  -10-9 
u(micro-) = 106 
m (milli-) = 103 
k(kilo-)  -103 
M (mega-) = 106 
G(giga-) =109 


Note that nano-farad (nF) 1s the international 
way of writing 1000 pF or 0.001 uF. 
Resistors are 1/3 watt, 5% metal film types un- 


of last year, because I found much of interest 
init. [have always made much of my own test 
gear (in the early days one had to), so designs 
such as the AF signal tracer would always ap- 
peal to me. I have built innumerable audio 
amplifiers (from 1936 onwards) so I always 
enjoy articles on these, though I should now 
never build an amplifier such as the 100 watt 
design. I skip Owen Bishop's mathematics 
because I no longer need them, but Joseph 
Carr’s contributions are always helpful and 
practical. 

I shall certainly make both the electronic 
fuse and the car battery monitor—two very in- 
teresting designs; the latter being both inge- 
nious and challenging. Icouldn’thelp wondering, 
though, why the designer of the electronic 
fuse used such highly rated semiconductors 
for a project where the maximum voltage is 
25 V and the maximum current 1 A. The BD679 
is rated at4 A and TIC106 at 400 V, 5 A. I sup- 
pose the answer is that these components are 
inexpensive and readily available, and lower 
rated substitutes would make very little difference 
to the overall cost. 

Any article on building electronic circuits 
is of interest to me, so the article on p. 62 was 
initially appealing — but as I had not previ- 
ously encountered prototyping board, I looked 
foritin the catalogues and was appalled to find 
that the cheapestone (from Maplin) was priced 
at £ 8; the handful shown in your photograph 
would cost nearly £ 50. I suppose plating a board 
with a multitude of separate copper squares is 
inevitably expensive. However, this material 
is not, as your heading suggestes, the same as 
stripboard or Veroboard, which is only about 
a quarter of the price. I presume your design 
staff do not have to pay for the materials they 
use, sothe cost would not worry them. The state- 
ment that “the tools and materials ... will be 
found evenin the poor man's workshop" evoked 
hollow laughter from me — and I have a very 
well equipped workshop. It does not run, how- 
ever, to a Weller soldering station costing over 
£ 100 (if the RS catalogue is to be believed). 

Ido not like stripboard and I avoid using it 
wherever I can, but instead I use plain matrix 
board and wire up the components on the un- 
derside with 0.5 mm tinned copper wire, in- 
sulating it only where wires cross. This does 


less otherwise specified. 


The direct working voltage of capacitors (other 
than electrolytic or tantalum types) is assumed 
to be 260 V. As a rule of thumb, a safe value 
is about 2x direct supply voltage. 


Direct test voltages are measured with a 20 kQ/V 
meter unless otherwise specified. 


Mains (power line) voltages are not listed in the 
articles. It is assumed that our readers know 
what voltage is standard in their part of the 
world. 


Readers in countries that use 60 Hz supplies, 
should note that our circuits are usually designed 
for 50 Hz. This will not normally cause prob- 
lems, although if the mains frequency is used 


involve making loops at the wire ends with a 
pair of fine round-nosed pliers, which is per- 
haps more tedious than the technique described 
in your article, and the method is best suited 
for simple circuits such as the phase-shift os- 
cillator in the article. But I did use it for the “first 
cuckoo in spring’ (your April 1985 issue) and 
that contained six ICs as well as quite a few 
other components. 

No criticisms I have made can alter my 
opinion that Elektor Electronicsis a very well 
produced magazine with excellent coverage 
of the electronics scene, providing a range of 
projects that cater for the interests of most se- 
rious electronics enthusiasts. Long may it con- 
tinue to do so. 

H.F. Howard, Bristol 


Thank you for your interesting letter (only partly 
reproduced here), which I have copied to 
various members of our staff. It is most heart- 
ening to read that the urge to make things elec- 
tronic does not wane with advancing years. 

Your question as to the rating of the semi- 
conductors used in the electronic fuse has 
been passed to the designer for comment. I 
hope that his answer will find a space in one 
of our forthcoming letter columns. 

I have also passed your comments on 

‘Building electronic circuits’ to the relevant 
designers and intend to have their comments 
in a future letters column. I think it is not so 
much that the design staff do not have to pay 
for the materials they use as the fact that as 
professional designers they are prepared to 
spend more money on their own home work- 
shop than many other enthusiasts. I suspect, 
however, that even they do not pay £100 for 
a soldering station — prices I have heard men- 
tion are about £30. 

I hope that you may long continue to be able 
to read our magazine. 

[Editor] 


Readers' comments on these letters and on 
any other subjects published in Elektor Elec- 
tronics are, as always, welcome. 





for synchronization, some modification may 
be required. 


The international letter symbol“ is used for 
voltage instead of the ambiguous ‘V’. The let- 
ter V is reserved for ‘volts’. 


The size of a metric bolt or screw is defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
in mm, the x sign and the length of the bolt or 
screw, also in mm. For instance, an M4x6 bolt 
has a thread diameter of 4 mm and a length of 
6mm. The overall diameter of the thread in the 
BA sizesis: 0 BA =6.12 mm; 2 BA 24.78 mm; 
4 BA = 3.08 mm; 6 BA = 2.85 mm; 8 BA = 
2.25 mm. 
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wanted for cash! 


LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE THE OFFER OF 1994 ! 


SPECIAL BUY 


AT 286 
40Mb HD + 3Mb Ram 


LIMITED QUANTITY only of these 12Mhz Hi GRADE 286 systems 
Made in the USA to an industrial specification, the system was 
designed for reliability. The compact case houses the motherboard, 
PSU and EGA video card with single 5%" 1.2 Mb floppy disk drive & 
integral 40Mb hard disk drive to the front. Real time clock with bat- 
tery backup is provided as standard. Supplied in good used condition 
complete with enhanced keyboard, 640k + 2Mb RAM, DOS 5.0. 
and 90 DAY Full Guarantee. Ready to Run ! 


Order as HIGRADE 286 ONLY £169.00 © 


Optional Fitted extras: VGA graphics card 
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) 
NE2000 Ethernet (thick, thin or twisted) network card 


FLOPPY DISK DRIVES 3.5"- 8" 
5.25" from £22.95 - 3.5" from £24.95 


Massive purchases of standard 5.25" and 3.5" drives enables us to 
present prime product at industry beating low prices! All units (unless 
stated) are BRAND NEW or removed from often brand new equip- 
ment and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size. All are IBM-PC compatible (if 3.5" supported on your PC). 

3.5" Panasonic JU363/4 720K or equivalent £24.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B) 








3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) 
5.25" Teac FD-55GFH 1.2 Meg £29.95(B) 
5.25" BRAND NEW Mitsubishi MF501B 360K £22.95(B) 
* Data cable included in price. 

Shugart 800/801 8" SS refurbished & tested £195.00(E) 
Shugart 851 8" double sided refurbished & tested £250.00(E) 
Mitsubishi M2894-63 8" sided switchable NEW £250.00(E) 
Mitsubishi M2896-63-02U 8* DS slimline NEW £285.00(E) 


Dual 8" drives with 2 mbyte capacity housed in a smart case with 
built in power supply. Ideal as exterior drives! £499.00(F) 


HARD DISK DRIVES 


End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte 
of hard disk storage! Full industry standard SMD interface. Ultra hi 
speed data transfer and access time, replaces Fujitsu equivalent 









model. complete with manual. Only £299.00(E) 
3.5" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C) 
3.5" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £69.95(C) 
3.5" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £99.00(C) 
3.5" RODIME RO3085S 70mb SCSI I/F (Mac & Acorn)  £129.00(C) 


5.25" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE  £49.95(C) 


5.25" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C) 
5.25" CDC 94205-51 40mb HH MFM I/F RFE tested £89.95(C) 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E) 


Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95 


THE AMAZING TELEBOX 


Converts your colour monitor into a QUALITY COLOUR TV!! 








TV SOUND 
& VIDEO 
TUNER! 






The TELEBOX consists of an attractive fully cased mains powered 
unit, containing all electronics ready to plug into a host of video moni- 
tors made by manufacturers such as MICROVITEC, ATARI, 
SANYO, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD 
and many more. The composite video output will also plug directly 
into most video recorders, allowing reception of TV channels not nor- 
mally receivable on most television receivers* (TELEBOX MB). Push 
button controls on the front pane! allow reception of 8 fully tuneable 
‘off ai UHF colour television channels. TELEBOX MB covers virtual- 
ly all television frequencies VHF and UHF including the HYPER- 
BAND as used by most cable TV operators. A composite video 
output is located on the rear panel for direct connection to most 
makes of monitor. For complete compatibility - even for monitors 
without sound - an integral 4 watt audio amplifier and low level Hi Fi 
audio output are provided as standard. 

TELEBOX ST for composite video input type monitors £32.95 
TELEBOX STL as ST but with integral speaker £36.50 
TELEBOX MB Multiband VHF-UHF-Cable- Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6mhz sound specification. 
*For cable / hyperband reception Telebox MB should be connected 
to cable type socket. Shipping code on all Teleboxes is (B) 


FANS & BLOWERS 


MITSUBUSHI MMF-D6D12DL 60 x 25 mm 12v D 
MITSUBUSHI MMF-09812DH 92 x 25 mm 12v DC £5.95 10/ £53 





£4.95 10/ £42 


PANCAKE 12-3.5 92 x 18 mm 12v DC £7.95 10/ £69 
EX-EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95 
EX-EQUIP 80 x 38mm AC fans - tested specify 110 or 240v £5.95 
VERO rack mount 1U x 19" fan tray specify 110 or 240v £45.95 
IMHOF B26 1900 rack mnt 3U x 19” Blower 110/240v NEW £79.95 
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL 


IC's TRANSISTORS DIODES 


OBSOLETE - SHORT SUPPLY - BULK 


5,000,000 items EX STOCK 


For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST 








-ELELIRUNICS- 
FE 


ELEKTOR ELECTRONICS JUNE 1994 





LONDON SHOP 
Open Mon-Sat 9:00-5:30 
215 Whitehorse Lane 
South Norwood 
LONDON SE25 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order 
Schools, Universities and Local Authorities - minimum account order £50. C 
(F)-£18.00, (G)=CALL. Allow approx 6 days for shipping 
unless stated guaranteed for 90 days. All guarantees on 
subject to stock. Discounts for volume. Top CASH prices 


PC SCOOP 


COMPLETE 
COLOUR SYSTEM 


ONLY £99.00 


A massive bulk purchase enables us to bring you a COMPLETE 
ready to run colour PC m at an unheard of price! 
The Display Electronics PC99 system comprises of fully com- 
patible and expandable XT PC with 256k of RAM, 5%" 360k flopp 
disk drive, 12" CGA colour monitor, standard 84 key keyboard, 
MS DOS and ali connecting cables - just plug in and go !! ideal 
students, schools or anybody wishing to learn the world of PC's 
on an ultra low budget. Don't miss this opportunity. 


Fully guaranteed for 90 EE, as PC99COL £99.00 (e) 


Optional Fitted extras: 640k RAM 
2nd floppy drive, specify 514" 360k or 3%" 720k 
Above prices for PC99 offer ONLY. 


VIDEO MONITOR SPECIALS 


Superb quality 14" FOREFRONT MTS-9600 SVGA Multisync - 
Multimode monitor 0.28" dot pitch with resolution of 
1024 x 768. The multi mode input allows direct con- 
nection to a host of computers including IBM PC's in 
CGA, EGA, VGA & SVGA modes, BBC, COM- 
MODORE (including Amiga 1200), ARCHIMEDES 
SS etc. The H version will also function with the ATARI in 
^ all modes inc H RES monochrome. Complete with 
‘text’ switching for WP use. Syncs down to 15 kHz. 
Supplied in EXCELLENT little used condition with full 90 day guarantee. 
Order as MTS-9600 / H for ATARI £159.00 (E) 
All modes as above Order as MTS-9600/ S £139.00 (E) 






£29.95. 





ELECTROHOME ECM-1211SBU 12" VGA multisync monitor with 
resolution 640 x 480. Multi input selection; Spin CGA/ EGA ; 15 pin 
VGA or 5 BNC connectors. 0.31 pitch. Compatible with PCs, Amiga, 
Atari and others. In good used condition (possible minor screen 
£99.00 (E) 


burns). 90 day guarantee. ..... 

KME 10" high definition colour monitors. Nice tight 
0.28" dot pitch for superb clarity and modern 
styling. Operates from any 15.625 khz sync RGB 
video source, with RGB analog and composite 
sync such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13.5” x 12" x 
11*. Only £125 (E) 

Good used condition. 90 ct a 

KME 10" as above for PC EGA standard £145.00 (E) 
NEC CGA 12" colour IBM-PC compatible. High zi 
quality ex-equipment fully tested with a 90 day 
guarantee. In an attractive two tone ribbed grey 
plastic case measuring 15"L x 13"W x 12"H. The 
front cosmetic bezel has been removed for con- 


tractual reasons. Only £49.00) u$ $y 
20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL alt solid state colour monitors, 
complete with composite video & sound inputs. Attractive teak style 
case. Perfect for Schools, Shops, Disco, Clubs, Point of Sale etc. 
In EXCELLENT little used condition with full 90 day guarantee. 


20"...£135  22"...£155 26"....£185 (r) 


9” Mono cased, Black & White for CCTV Used /Tested £49.00 (C) 


DC POWER SUPPLIES 


10,000 Power Supplies Ex Stock 


Call for info / list 
Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, 412v 4a (Ba peak), -12v 1.5a, 424v 
4a (6a peak). Ail outputs fully regulated with over voltage protection 
on the 45v output. AC input selectable for 110/240 vac. Dims13" x 
5" x 2.5". Fully guaranteed RFE. £85.00 (B) 
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A). 5v @ 20A. & 12v Q 1.5A. Switch mode New. £59.95(B) 
Astec AC-8151 40 watts. Switch mode. «5v @ 2.5a. +12v @ 2a. 
-12v € 0.1a. 6-1/4" x 4" x 1-3/4" RFE tested £22.95(B) 
Lambada LYS-PV-12 200 watt switch mode.+12V DC @ 29a 
semi enclosed, 10“ x 5" x 5". RFE and fully tested. £59.95(C) 

) 








Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v @ 
15a,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5cms.New. £49.95(C 
Boshert 13090.Switch mode Ideal for drives & system. «5v 6a, 





+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) 
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) 
SPECIAL INTEREST 
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter £2100 
Avitel VDA-3100 Video Distribution Amps.1 in 92 out £575 
Trio 0-18 vdc bench PSU. 30 amps. New £470 
Fujitsu M3041 600 LPM band printer £2950 
DEC LSU/1102 CPU board £95 
RED TOP IR Heat seeking missile (not armed !!) POA 


Rhode & Schwarz SBUF TV test transmitter 25-1000mhz. 


complete with SBTF2 Modulator £5995 
Calcomp 1036 large drum 3 pen plotter £450 
Thurlby LA 160B logic analyser £375 
GEC 1.5kw 115v 60hz power source £950 
Brush 2Kw 400 Hz 3 phase frequency converter £850 
Anton Pillar 75 kW 400 Hz 3 phase frequency converter POA 
Newton Derby 70 KW 400 Hz 3 phase frequency converter POA 
Nikon PL-2 Projection lens meter/scope £750 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
HP 7580A A1 8 pen HPGL high speed drum plotter £1850 
Kenwood DA-3501 CD tester, laser pickup simulator £350 
Computar MCA1613APC 16mm auto iris lenses 'C' mount £125 
Seaward PAT 2000 dual voltage computerised PAT tester — £585 
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ALL MAIL & OFFICES 
Open Mon-Fri 9.00-5:30 
Dept EK. 32 Biggin Way 
Upper Norwood 

LONDON SE19 3XF 


Computer 
Controlled 


mi Laser Video 
One of the most amazing surplus deals Disk Player 


that we ever been able to offer you! 

The Philips VP410 LaserVision player, in as new condition, unit fea- 
tures full computer control, Plays standard 12" LaserVision disks with 
startling visual and audio quality in two channel stereo or mono. 
When controlled by a computer, it may also be used as a versatile 
high quality storage / retrieval medium. It will play back either 
LaserVision CAV (active play) or CLV (Long Play) discs (which cov- 
ers most types of commercially available video discs). Some of the 
many features of this incredible machine are: 

RS-232 INTERFACE RGB / COMPOSITE VIDEO OUTPUT 
BNC+SCART INTERFACE PAL / RGB DECODER 


IR WIRED REMOTE CONTROL FAST RANDOM ACCESS 


SPECIAL PURCHASE o. 399 00. 


BBC Model B APM Board 


dée £100 CASH FOR THE MOST 
WIN £l NOVEL DEMONSTRABLE 
APPLICATION 


BBC Model B type computer on a board. A major purchase allows us 
to offer you the PROFESSIONAL version of the BBC computer at a 
parts only price. Used as a front end graphics system on large net- 
worked systems the architecture of the BBC board has so many sim- 












CASH! 













ilarities to the regular BBC model B that we are sure that with a bit of 
experimentation and ingenuity many useful applications will be found 
for this board!! It is supplied complete with a connector panel which 
brings all the I/O's to 'D' and BNC type connectors - all you have to 
do is provide +5 and +12 v DC. The APM consists of a single PCB 
with most major ic's socketed. The ic's are too numerous to list but 
include a 6502 / 6512 CPU, RAM and an SAA5050 teletext chip. 
Three 27128 EPROMS contain the custom operating system on 
which we have no data, On application of DC power the system 
boots and provides diagnostic information to 
the video output. On board DIP switches Only £29.95 
and Iul ir the 35 address 
and enable the four extra EPROM sockets 
for user software. Appx. dims: main board 2 for £53 (B) 
13" x 10". I/O board 14" x 3". Supplied test- 
ed with circuit diagram, data and competition entry form. 
n 
19" HACK CABINETS 
Superb quality 6 foot 40u 
Virtually New, Ultra Smart 
Less than Half Price! 
yop quality 19" rack cabinets made in UK by 
ptima Enclosures Ltd. Units feature Ge d 
er, smoked acrylic lockable front door, full 
height lockable half louvered back door and 
removable side panels. Fully adjustable inter- 
nal fixing struts, ready punched for any config- 
uration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket 
d switched mains distribution strip make these 
racks some of the most versatile we have 
ever sold. Racks may be stacked side by side and therefore require 
only two side panels to stand singly or in bays 
Overall dimensions are: 77-1/2" H x 32-1/2" D x 22" W. Order as: 
Rack 1 Complete with removable side panels. £295.00 (G) 
Rack 2 Rack, Less side panels £175.00 (G) 
Over 400 racks in all sizes from stock ! 
Call with your requirements. 
INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT and 
PC-AT compatible card with 2 Mbytes of memory on board. Card is 
fully selectable for Expanded or Extended (286 processor and 
above) memory. Full data and driver disk supplied. In good used 
condition fully tested and guaranteed. 
Windows compatible. Order as: ABOVE CARD £59.95,a1) 


Half length 8 bit memory expansion cards for PC AT XT 
expands memory either 256k or 512k in 64k steps. May also be 
used to fill in RAM above 640k DOS limit. Complete with data and 
software diagnostics. Order as: XT RAM UG. 256k  £32.95(A1) 
Specify 5.25" or 3.5" software diskette. 512k  £38.95(A1) 
1 MEG x 9 SIMM 9 chip 120ns only £29.95(A1) 


No Break Uninterruptible PSU's 


Brand new and boxed 230 volts 1 KVa uninterruptible power supply 
from system from Densei. Model MUD 1085-AHBH. Complete with 
sealed oo acid d in matching case. Approx time from inter- 
rupt is 15 minutes. Complete with full manual. 

Orderas: MUD1 £575.00) 
EMERSON ACCUCARD UPS, brand new 8 Bit half tength PC com- 
patible card for all IBM XT/AT compatibles. Card provides DC power 
to all internal system components in the event of power supply fail- 
ure. The Accusaver software provided uses only 6k of base RAM 
and automatically copies all system, expanded and video memory to 
the hard disk in the event of loss of power. When power is returned 
the machine is returned to the exact status when the power failed ! 
The unit features full self diagnostics on boot and is supplied with full 
fitting instructions and manual. Normal price £189.00 


Only £99.00.) or 2 for £1 950 


Issue 12 Of Display News now available - send large SAE - PACKED with bargains! 
US | ALL © ENQUIRIES 


081 679 4414 






FAX 081 679 1927 









amount. Minimum order £10. Bona Fide account orders accepted from Government, 
arriage charges (A)-€3, (A1)-£4.00, (B)=£5.50, (C)-£8.50, 
- faster CALL. Scotland surcharge CALL. All goods supplied to our 
a return to base basis. All rights reserved to change prices / specifications without prior notice. Orders 
paid for surplus goods. All trademarks etc acknowledged. © Display Electronics 1994. E & O E. 


(D)-£12.00, (E)-£15.00, 
Standard Conditions of Sale and 
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PRINTED-CIRCUIT BOARDS 


JANUARY 1987 
Top-of-the-range 


preamplifier 86111-2 e 26.45 
MARCH 1987 

MSX EPROMmer 87002 e 11.15 
MAY 1987 

MIDI signal distribution 87012e 8.70 
NOVEMBER 1987 

BASIC computer 87192 23.80 


52.90 


22.30 


17.40 


47.60 


1988 | 988 


MARCH 1988 
Computer-controlied 
slide fader 

Low-noise preamplifier 


87259 e 18.80 


for FM receivers 880041e 7.65 
Signal divider for 

satellite TV receivers 880067 e 5.90 
APRIL 1988 

Fuzz unit for guitars 87255e 7.65 
JUNE 1988 

Wideband active aerial 880043-1 e 7.05 
for SW receivers 880043-2 e 5.60 


JULY/AUGUST 1988 
Frequency read-out for 
SW receivers 880039 e 21.60 
OCTOBER 1988 
Preamplifier for 
purists 

Peripherai modules 
tor BASIC computer 


880132-1e 6.95 
880132-2 e 14.40 
880159 e 5.90 
NOVEMBER 1988 
Bus interface for hi-res 
LCD screens 
LFA-150 — a fast 
power amplifier 


880074 e 19.70 
880092-1e 9.95 


Harmonic enhancer 880167e 7.40 
DECEMBER 1988 

LFA-150 — a fast 880092-3e 7.50 
power amplifier 880092-4 e 7.60 
CVBS-to-TTL adaptor 880098 e 5.70 


Autonomous I/O 


controller 880184 e 18.00 


37.60 


15.30 


11.80 


15.30 


14.10 
11.20 


43.20 


13.90 
28.80 


11.80 


39.40 
19.90 


880092-2 e9.2018.40 


14.80 


15.00 
15.20 
11.40 


36.00 


1989 989 


JANUARY 1989 
Fax interface for Atari 


ST and Archimedes 880109 8.65 

MIDI control unit 880178-1 10.65 
880178-2 7.80 

Low-budget capaci- 

tance meter UPBS-1 2.30 

FEBRUARY 1989 

Digital Model Train 87291-1 4.95 

VHF receiver 886127 8.75 


17.30 
21.30 
15.60 


4.60 


9.90 
17.50 


MARCH 1989 
Power line modem 
Centronics buffer 


APRIL 1989 
Digital Model Train 
Function generator 
Triptet 


Muiti-point IR control 


MAY 1989 

RDS decoder 

Digital Model Train (4) 
DTMF system decoder 
Sine-wave converter 


JULY/AUGUST 1989 





880189 
890007-1 
890007-2 
890007-3 


87291-2/3 
UPBS-1 
890013-1 
890013-2 
890019-1 
890019-2 


880209 
87291-4 
890060 
UPBS-1 


MIDI keyboard interface 


decoder board 
controller board 
Floppy disk monitor 
Function generator 


SEPTEMBER 1989 
Digital Model Train 
Hesonance meter 


OCTOBER 1989 
CD error detector 


NOVEMBER 1989 
Digital Model Train (8) 


DECEMBER 1989 
Digital Mode! Train 
EPROM simulator 
Hard disk monitor 
Solid-state preamp 


890105-1 


890078 
UPBS-1 


87291-6 
886071 


890131 


87291-5 


87291-7 
890166 
890186 

890170-1* 
890170-3* 


Price: 


ET 


7.15 
23.05 
2.55 
9.80 


5.05 
2.30 
7.80 
8.00 
4.05 
4.75 


5.30 
6.15 
7.65 
2.30 


8.25 


5.00 
2.30 


7.85 
4.60 


7.05 
51.10 


10.30 
11.75 
12.95 
13.80 
10.60 


(USS) 


14.30 
46.10 

5.10 
19.60 


10.10 
4.60 
15.60 
16.00 
8.10 
9.50 


10,60 
12.30 
15.30 

4.60 


16.50 


10.00 
4.60 


15.70 
9.20 


14.10 


102.20 


20.60 
23.50 
25.90 
27.60 
21:20 


KE. 1 1L 


JANUARY 1990 
Video mixer (1) 
Mini EPROM 
programmer 

All solid-state 
preamplifier 
Simple AC milli- 
voltmeter 


87304-1 


890164 


890170-2* 


900004 e 


32.00 


8.25 


18.50 


7.65 


64.00 


16.50 


37.00 


15.30 


*The four PCBs required for the preamplifier (2 x 
890170-1; 1x 890170-2 and 1x 890170-3) are 
available as a package, ref. 890170-9, at a 
discounted price of £48.15 (US$96.30). 


FEBRUARY 1990 
Initialisation aid for 
printers 

Digital Model! Train (11) 


Reflex MW AM receiver 


Capacitance meter 


MARCH 1990 

Digital model train (12) 
Power line monitor 
Video mixer (3) 


APRIL 1990 
Digital model train (13) 
Q meter 


900007 


87291-8 
UPBS-1 


900012 e 


87291-9 


16.75 
5.30 


2.30 
8.50 


4.10 


900025e 5.60 


87304-3 


87291-10 


41.70 


4.70 


900031e 7.05 


33.50 


10.60 
4.60 
17.00 


8.20 
11.20 
83.40 


9.40 
14.10 


Project — -— 

RS-232 splitter 900017-1 8.50 
900017-2 5.30 

MAY 1990 

Acoustic temperature 

monitor UPBS-1 2.30 

Budget sweep/function 

generator 900040e 8.25 

Transistor characteristic 

plotting 900058 5.60 

JUNE 1990 


Electronic load simulator 900042 e 14.10 


Mini EPROM viewer 900030 21.15 
Power zener diode UPBS-1 2.30 
JULY/AUGUST 1990 

Compact 10A power 

supply 900045 . 13.50 
Intermediate projects UPBS-1 2.30 
Mini FM transmitter* 896118 5.00 
Sound demodulator for 

satellite-TV receivers 900057 4.40 
Audio power indicator 904004 e 4.40 


Four-monitor driver 
for PCs 904067e 6.15 
* can not be supplied to readers in the UK 


SEPTEMBER 1990 


High-current hpg tester 900078 e 6.45 
Infra-red remote 

control 904085/86 7.95 
OCTOBER 1990 

uP-controllea telephone 

exchange 900081 21.15 
S-VHS/CVBS-to-RGB 

converter 900055 e 14.40 
NOVEMBER 1990 

400-watt laboratory PSU 900082 e 12.95 
Medium-power audio 900098 10.60 
amplifier 

Programmer for the 8751 900100 8.25 
PT100 thermometer 900106e 5.90 
DECEMBER 1990 

Active mini subwoofer 900122-2 @ 6.15 
Milliohmmeter 910004 e 5.90 
Phase check for 

audio systems 900114-1/2 @ 9.40 
Signal suppressor for 

all-solid state preamp 904024e 4.40 








4.60 


16.50 


11.20 


28.20 


42.30 
4.60 


27.00 
4.60 
10.00 


8.80 
8.80 


12.30 


12.90 


15.90 


42.30 


28.80 


25.90 


21.20 


16.50 


11.80 


12.30 


11.80 


18.80 


8.80 


1991 1 1 büL 


JANUARY 1991 
Logic analyser (1): 
- Busboard 

SWR meter 


900094-4 e 10.60 
900013 3.55 


FEBRUARY 1991 
Logic analyser (2): 

- RAM board 

- Probe board 
Multifunction measure- 
ment card for PCs 
RDS decoder: 

- demodulator board 


900094-2 e 18.50 
900094-3e 5.00 
900124-1 28.20 


880209 e 5.30 


- processor board 900060e 7.65 
MARCH 1991 

The complete preampiltier: 

- input beard 890169-1 26.10 
- main board 890169-2 39.35 


21.20 
7.10 


37.00 
10.00 


56.40 


10.60 
15.30 


52.20 
78.70 


Electronic exposure 


timer 900041 e 
PC-controlled weather 

station (1) 900124-3 
2-m band converter 900006-1 
APRIL 1991 

Logic analyser (3): 

- control board 900094-5 e 
MIDI programme 

changer 900138 e 
8-bit I/O for Atari 910005 
6-m band transverter 910010 
Wattmeter: 

- meter board 910011-1 

- display board 910011-2 
Moving-coil (MC) 

preamplifier 910016 e 
Dimmer for halogen lights: 

- transmitter 910032-1 e 
- receiver 910032-2 e 
MAY 1991 

80C32/8052 Computer 910042 
Battery tester 906056 
Moving-magnet (MM) 

preampiifier 900111 e 
Universal UO interface 

tor IBM PCs 910046 
JUNE 1991 


Universal battery charger 900134 
Logic analyser - 4 


- power supply board 900094-7 e 
- Atari interface 900094-6 e 
- IBM interface 900094-1 e 


Digital phase meter 


(set of 3 PCBs) 910045-1/2/3 
Light transceiver UPBS-t 
Variable AC PSU 900104 e 


Light switch w. TV IR r/c 910048 
RTC for Atari ST 910006 


JULY/AUGUST 1991 
Multifunction UO for PCs 910029 


B/W video digitizer 910053 
Stepper motor board - 2: 

- power driver board 910054-2 
LED voltmeter 914005 e 
Wien bridge 914007 e 
Angled bus extension 

card for PCs 914030 e 
Sync separator 914077 e 


SEPTEMBER 1991 
Timecode interface for slide control: 


- main board 910055 
- display board 87291-9a 
Asymm-symm converter 910072 
OCTOBER 1991 

PC-controlled weather 

station (2) 900124-2 
Digital function generator 

- main board 910077-1 
- display board 910077-2 
Audio spectrum shift 
encoder/decoder 910105 
NOVEMBER 1991 

Relay card for uni- 

versal I/O interface 910038 
Dissipation limiter 910071 
Digital function generator 

- sine converter 910077-3 
- R/T converter 910077-4 


Class-A power amplifier (1): 
880092-1 
880092-2 

Timer for CH systems UPBS-2 

DECEMBER 1991 

Class-A power amplifier (2): 


880092-3 
880092-4 
Economy power supply 910111 e 
uP programmable filters 910125 
Amiga mouse/joystick 
switch 914078 
Safe solid-state relay 914008 e 
Slave mains on/off 
control Mark-2 914072 e 


10.85 


4.40 
5.00 


18.50 


6.75 
12.35 
11.45 


6.45 
4.10 


10.60 


4.10 
4.40 


12.05 
4.10 


6.75 


10.85 


9.40 


8.80 
12.65 
14.40 


26.15 
2.30 
6.15 
5.60 
6.15 


24.40 
22.60 


28.50 
5.60 
4.10 


12.05 
4.40 


24.40 
4.10 
5.60 


3.80 


21.75 
12.65 


10.35 


12.95 
4.40 


15.00 
12.35 


9.95 
9.05 
3.80 


7.50 
7.60 
9.40 
6.75 


4.10 
3.80 


6.45 


21.70 


8.80 
10.00 


37.00 


13.50 
24.70 
22.90 


12.90 
8.20 


21.20 


8.20 
8.80 


24.10 
8.20 


13.50 


21.70 


18.80 


17.60 
25.30 
28.80 


52.30 

4.60 
12.30 
11.20 
12.30 


48.80 
45.20 


57.00 
11.20 
8.20 


24,10 
8.80 


48.80 
8.20 
11.20 


7.60 


43.50 
25,30 


20.70 


25.90 
8.80 


30.00 
24.70 


19.90 
18.10 
7.60 


15.00 
15.20 
18.80 
13.50 


8.20 
7.60 


12.90 


KI UL L| 


JANUARY 1992 

CD player 910146 
Fast precise thermometer 910081 
Low-frequency counter 


- input board 910149-1 
- display board 910149-2 
Mini Z80 system 910060 
Prototyping board for 

IBM PCs 910049 
PC-controlled weather 

station (3) 900124-5 
FEBRUARY 1992 

Audio/video switching 

unit 910130 
I2C interface for PCs 910131-1 
Measurement amplifier 910144 
Mini square wave 

generator 910151 


8.25 
8.50 


5.00 
6.45 
10.60 
21.15 


10.00 


11.75 
14.40 
13.50 


5.30 
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16.50 
17.00 


10.00 
12.90 
21.20 
42.30 


20.00 


23.50 
28.80 
27.00 


10.60 


1994 





RAM extension for mini 


Z80 system 910073 2.35 

Switch-mode power 

supply 920001 4.40 

MARCH 1992 

8751 emulator 920019 12.05 

A-D/D-A and I/O for 

I2C bus 910131-2 6.15 

AF drive indicator 920016 5.60 

Centronics line booster 910133 5.90 

FM tuner (tuner board) 920005 21.15 

MIDI optical link 920014 6.15 

APRIL 1992 

80C32 SBC extension 910109 13.50 

2-metre FM receiver 910134 10.30 

Comb generator 920003 8.50 

AD232 converter 920010 12.35 

Automatic NiCd charger UPBS-1 2.30 

LCD for L-C meter 920018 4.70 

Milli-ohm meter adaptor 920020 4.40 

May 1992 

1.3-GHz prescaler 914059 5.00 

Compact mains supply 920021 7.35 

FM tuner - 3 (PSU) 920005-2 8.80 

GAL programmer 920030 11.15 

NICAM decoder 920035 15.00 

JUNE 1992 

4-Megabyte printer buffer 910110 18.80 

IC display 920004 4.70 

FM tuner - 4: 

- mode control board 920005-3 5.60 

- synthesizer board 920005-5 10.85 

Guitar tuner 920033 10.00 

Multi-purpose Z80 card 920002 20.25 

JULY 1992 

12VDC to 240VAC inverter 

- main board 920039-1 11.15 

- power board 920039-2 6.45 

Audio DAC - 1 920063- 1 8.50 

Optocard for universal 

PC I/O bus 910040 12.95 

FM tuner - 5: 

- keyboard/display 920005-4 . 14.40 

- S-meter 920005-6 3.80 

RS232 quick tester 920037 5.00 

Small projects: 

Water pump control for 

solar power system 924007 7.35 

Simple power supply 924024 5.00 

Wideband active teles- 

copic antenna 924102 3.25 

SEPTEMBER 1992 

EPROM emulator - II 910082 10.00 

Audio DAC - 2 920063-2 18.80 

OCTOBER 1992 

Audio DAC - 3 920063-3 26.45 

Mains sequencer 920013 17.35 

Wideband active antenna 924101 3.25 

RDS demodulator 880209 e 5.30 

NOVEMBER 1992 

Printer sharing unit 920011 14.70 

Difference thermometer 920078 5.30 

Low-power TTL-to- 

RS232 interface 920127 3.55 

DECEMBER 1992 

Digital audio/visual system 

(incl. EPROM 6171) 920022+ 34.10 

1.2 GHz multifunction 

frequency meter 

(incl. EPROM 6141) 920095+ 29.40 

Output amplifier for ribbon 

loudspeakers 920135-1 19.40 
920135-2 7.95 

Peak-delta NiCd charger 920147 4.10 

IDC-to-boxheader adaptor924049 6.45 

Mini keyboard for Z80 924047 12.35 

80C552 uP system 924071 20.00 

Mains power-on delay 924055 6.45 


4.70 


8.80 


24.10 


12.30 
11.20 
11.80 
42.30 
12.30 


27.00 
20.60 
17.00 
24.70 
4.60 
9.40 
8.80 


10.00 
14.70 
17.60 
22.30 
30.00 


37.60 
9.40 


11.20 
21.70 
20.00 
40.50 


22.30 
12.90 
17.00 


25.90 


28.80 
7.60 
10.00 


14.70 
10.00 


6.50 


20.00 
37.60 


52.90 
34.70 

6.50 
10.60 


29.40 
10.60 


7.10 


68.20 


58.80 


38.80 
15.90 

8.20 
12.90 
24.70 
40.00 
12.90 


EE. —  ] D 


JANUARY 1993 

PAL test pattern generator 

(incl. GAL 6211) 920129+ 15.30 
Multi-core cable tester 


- matrix board 926079 17.05 
- slave unit 926084 6.20 
- master unit 926085 8.25 
FEBRUARY 1993 

U2400B NiCd battery 

charger 920098 8.75 
Digital-audio enhancer 920169 14.25 
I2C opto/relay card 930004 11.00 


Watt-hour meter (PCBs -1 
and -2, and EPROM 6241)920148+ 37.25 


MARCH 1993 

Linear sound pressure 
meter 

Electrically isolated 
RS232 interface 


930006 7.00 


920138 10.25 


APRIL 1993 


Audio power meter 930018 10.25 


30.60 
34.10 


12.40 
16.50 


17.50 
28.50 
22.00 


74.50 


14.00 


20.50 


20.50 


Video digitizer for PCs 
(incl. disk 1831) 
Infrared receiver for B0C32 
single-board computer 
(incl. disk 1791) 


4MB printer buffer card 920009 

MAY 1993 

FM stereo signal generator920155 

VHF/UHF receiver 926001 

Philips preamplifier 930003 

Workbench PSU 930033 
920075-1 

JUNE 1993 

Spectrum VU meter 920151 

GAL programmer upgrade930060 

Digital frequency readout 

for VHF/UHF receiver 926001-2 

Inexpensive phase meter 

- main board 930046 

- meter board 920018 

JULY/AUGUST 1993 

Active 3-way loudspeaker 

system 930016 

Maxi micro clock 930020 

SMD soldering station 930065 

VHF-low converter 926087 

GC bus fuse (5on 1 PCB) 934016 

Voice operated recording 934039 

General transformer PCB 934004 

Plant humidity monitor 934031 

Plant humidity monitor 

(supply) 934032 

SEPTEMBER 1993 

Fuzzy logic multimeter -1920049-2 

Linear temperature 

gauge 920150 

PC-aided transistor 

tester 920144 

Harmonic enhancer 930025 

GC alphanumerical 

display (incl. disk 1851) 930044+ 

Mini micro clock 930055 

950-1750 MHz converter UPBS-1 

OCTOBER 1993 

Stereo mixer UPBS-1 

MIDI channel monitor 930059 

Ah meter with digital 

display 930068 

Autoranging frequency 

readout 930034 

ROM-gate switchover for 

Atari ST 930005 

Microntroller-driven NiCd 

battery charger (incl. 

programmed ST62E15) 920162+ 

Fuzzy logic multimeter - 2 

(incl. disk 1721) 920049-1+ 

NOVEMBER 1993 

Precision clock for PCs 

incl. disk (1871) 930058 + 

VHF/UHF TV tuner 

boards -1 and -2, and 

pC 87051 (7141) 930064 + 

Output amplifier with AF 

bandpass filter 930071 

Digital hygrometer 

incl. EPROM (6301) 930104 + 

Power MOSFET tester 930107 

DECEMBER 1993 

535 card w. EPROM 

emulator, incl. GAL and 

PAL (set 6311) 930103 + 

RMS AF voltmeter 930108 

12C power switch 930091 

Medium power HEXFET 

amplifier 930102 

Microcontroller-driven 

UART 930073 

SCART switching box 930122 


930007 + 37.00 


920149+ 14.50 


27.50 


23.00 
19.00 
7.50 
21.50 
4.70 


13.00 


4.50 


11.50 


9.00 
4.75 


21.50 
15.50 
9.50 
15.50 
8.00 
6.00 
6.50 
4.50 


4.00 


20.00 


7.05 


9.75 
13.50 


14.25 


7.50 
1.95 


1.95 


14.00 


14.00 


12.50 


30.25 


25.50 


23.75 


12.25 


57.25 


6.75 


28.00 
32.50 


47.50 
12.25 
6.25 


12.75 


4.75 
14.25 


74.00 


29.00 
55.00 


46.00 
38.00 
15.00 
43.00 

9.40 


26.00 


9.00 


23.00 


18.00 
9.50 


43.00 
31.00 
19.00 
31.00 
16.00 
12.00 
13.00 

9.00 


8.00 


40.00 


14.10 


19.50 
27.00 


28.50 


15.00 
3.90 


3.90 


28.00 


28.00 


25.00 


60.50 


51.00 


47.50 


24.50 


114.50 


13.50 


56.00 
65.00 


95.00 
24,50 
12.50 


25.50 


9.50 
28.50 


1994 — 1 8 


JANUARY 1994 


Digital dial 920161 
RDS decoder 
incl. EPROM (6331) 930121 + 
12C tester 

incl. GAL (6341) 930128 + 
Telephone-controlled 

switch incl. EPROM 

(6271) 934054 + 
FEBRUARY 1994 

80C535 single-board 

computer 924046 
Copybit eliminator 

incl. MACH and GAL 930098 + 
Mini preamplifier 930106 
Bidirectional RS232-to 

Centronics converter 930134 


ELEKTOR ELECTRONICS JUNE 1994 


12.75 


23.75 


36.25 


37.25 


14.10 


46.25 
29.25 


14.00 


25.50 


51.50 


72.50 


74.50 


28.20 


92.50 
58.50 


28.00 





ROMS — EPROMS — PALS — GALS — MICROCONTROLLERS 


Article/Project* 


Multifunction measurement card for PCs 
RDS decoder 

MIDI programme changer 

Logic analyser 

Logic analyser (IBM interface) 
MIDI-to-CV interface 

Multifunction WO card for PCs 

Amiga mouse/joystick switch 

Stepper motor board 

4-MByte printer buffer (6/92 and 4/93} 
8751 emulator (incl. system disk 5.25 in.} 
EMONS1 (inci. course disk 1661) 
Connect 4 

EMONS1 (incl. course disk 1681) 

FM tuner 

Multi-purpose Z80 card: GAL set 
Multi-purpose Z80 card: BIOS 

TV test pattern generator (B0C32 SBC) 
1.2 GHz multifunction frequency meter 
Digita! audio/visual system 


Digitat audio/visual system (software package) 


PAL test pattern generator 
Watt-hour meter 

Four fold DAC 

Multipurpose display decoder 
Digital hygrometer 

535 card w. EPROM emulator 
Copybit eliminator 

RDS decoder 

I2C tester 

Mains signalling system 

8751 programmer 
Microcontroller NiCd charger 
Maxi micro clock (clock) 

Maxi micro clock (darkroom timer} 
Maxi micro clock (cooking timer) 
Mini micro clock (clock) 

Mini micro clock (darkroom timer) 
Mini micro clock (cooking timer) 
VHF/UHF TV tuner 
Microcontroller-driven UART 
PIC programmer 


issue 


2/91 
2/91 
4/91 
(series) 
6/91 
2/91 
7-8/91 
12/91 
6/91 


3/92 
(series) 
12/91 
(series) 
7/92 
6/92 
6/92 
3/93 
12/92 
12/92 
2/93 
1/93 
2/93 
7-8/93 
7-8/93 
11/93 
12/93 
2/94 
1/94 
1/94 
4&5/94 
11/90 
10/93 
7-8/93 
7-8/93 
7-8/93 
9/93 
9/93 
9/93 
11/93 
12/93 
3/94 


Order 
code 
561 
5951 
5961 


5971 
5981 
5991 
6001 
6014 
6041 
6051 
6061 
6081 
6091 
6101 
6111 
6121 
6151 
6141 
6171 
6181 
6211 
6241 
6251 
6261 
6301 
6311 
6321 
6331 
6341 
6371 
7061 
7071 
7081 
7091 
7101 
7111 
7121 
7131 
7141 
7151 
7161 


Description 


1 x 16L8 
1 x 2764 
1 x 2764 


Price 


(£) 
10.30 
15.30 
15.30 


see under DISKETTES below 


1 x PAL 16L8 
1 x 2764 

1 x PAL 16L8 
1x GAL 16V8 
1x PAL 16L8 
1x27C64 
1x27C64 
1x27256 

1 x 2764 

1 x 27256 

1 x 27C256 

2 x GAL 16V8 
1 x 27128 

1 x 27256 

1 x 27C256 

1 x 27C256 


x GAL 20V8 
x 27256 

x GAL 

x 2764 

x 2764 


8.25 
15.30 

8.25 

8.25 

8.25 
15.30 
29.40 
20.00 
15.30 
20.00 
15.30 
11.15 
15.30 
15.30 
11.45 
10.30 


EPROM. GALs and disk 30.50 


9.40 
10.00 
10.75 
11.50 
14.50 


x PAL, 1 x GAL 26.00 
x MACH, 1 x GAL42.25 


1 
1 

1 

1 

1 

1 

1 

1 x27064 

1 x GAL6001 
1 x 27C64 
1x 8751 

1x ST62E15 
1x ST62T10 
1x ST62T10 
1x ST62T10 
1x ST62T15 
1x ST62115 
1x ST62T15 
1x87C51 
1x ST62T10 
1x PIC, 1 x disk 


14.50 
30.75 
13.25 
46.40 
10.00 
11.50 
11.50 
11.50 
11.50 
11.50 
11.50 
25.75 
17.25 
50.00 


(US$) 
20.60 
30.60 
30.60 


16.50 
30.60 
16.50 
16.50 
16.50 
30.60 
58.80 
40.00 
30.60 
40.00 
30.60 
22.30 
30.60 
30.60 
22.90 
20.60 
61.00 
18.80 
20.00 
21.50 
23.00 
29.00 
52.00 
84.50 
29.00 
61.50 
26.50 
92.80 
20.00 
23.00 
23.00 
23.00 
23.00 
23.00 
23.00 
51.50 
34.50 
100.00 


* For pre-1991 project EPROMs see the December 1992 Product Overview or contact our Dorchester office 


DISKETTES 


Article/Project* 


EPROM emulator II 


Multifunction measurement card (MMC) for PCs 


Logic analyser: IBM software & GAL IC 
Logic analyser: Atari software & GAL IC 
Plotter driver (D. Sijtsma} 

8-bit UO interface for Atari ST 
Tektronix/Intel file converter 

B/W video digitizer for Archimedes 
Timecode interface for slide controller 
Real-time clock for Atari ST 

24-bit colour extension for video digitizer 
PC-controlled weather station (3) 
(supersedes 1551 and 1561) 

8051/8032 assembler course (IBM version) 
A-D/D-A and I/O for I2C bus 

8051/8032 assembler course (Atari version) 
AD232 converter 

GAL programmer (upgrade: June 1993) 
Multi-purpose Z80 card 

Fuzzy Control One 

Pascal routines for MMC for PCs 
Speech/sound memory 

PC-aided transistor tester ; 
Infra-red receiver and DTMF decoder for 
80C32 single-board computer 

80C535 assembler course 

I2C opto/relay card 

Video digitizer for PCs 

GAL programmer for Amiga 

DC alphanumerical display 

Philips preamplifier 

GAL programmer (excl. Opal Jr. disks) 
X2404-to-8751 interfacing 

Mains signalling system 

SIM — an 8051 simulator 


* For pre- 1991 project diskettes see the December 1992 Product 


Issue 


9/92 
2/91 
7-8/91 
7-8/91 
9/91 
4/91 
4/91 
7-8/91 
9/91 
6/91 
11/91 
1/92 


(series) 
3/92 
series 
4/92 


Order 
code 
129 
1461 
1491 
1501 
1541 
1571 
1581 
1591 
1611 
1621 
1631 
1641 


1661 
1671 
1681 
1691 


5/92 & 6/93 1701 


6/92 
10/93 
10/92 
12/92 
9/93 


384/93 
3-6 / 94 
2/93 
4/93 
6/93 
9/93 
5/93 
6/93 
6/93 
485/94 
1/94 


1711 
1721 
1751 
1771 
1781 


1791 
1811 
1821 
1831 
1841 
1851 
1861 
1881 
1891 
1911 
1931 


Disk size 


5.25-inch 
5.25-inch 
5,25-inch 
3.5-inch 
5.25-inch 
3.5-inch 
5.25-inch 
3.5-inch 
5.25-inch 
3.5-inch 
3.5-inch 
5.25-inch 





5.25-inch 





Price 


(£) 
6.75 
7.65 

19.40 
19.40 
11.15 
7.65 
7.65 
11.15 
7.65 
7.65 
11.15 
7.65 


7.65 


(USS) 
13.50 
15.30 
38.80 
38.80 
22.30 
15.30 
15.30 
22.30 
15.30 
15.30 
22.30 
15.30 


15.30 


order as 1821 (see below) 


3.5-inch 
5.25-inch 


5.25-inch (3 x) 


5.25-inch 
5.25-inch 
5.25 inch 
5.25 inch 
3.5 inch 


5.35-inch 
5.25 inch 
5.25 inch 
5.25 inch 
3.5 inch 

5.25 inch 
5.25 inch 
5.25 inch 
5.25 inch 
3.5 inch 

3.5 inch 


7.65 
7.65 
11.15 
7.65 
7.75 
9.70 
7.65 
7.50 


7.50 
8.80 
7.65 
14.50 
11.00 
8.50 
8.50 
10.75 
8.50 
9.75 
34.25 


15.30 
15.30 
22.30 
15.30 
15.50 
19.40 
15.30 
15.00 


15.00 
17.60 
15.30 
29.00 
22.00 
17.00 
17.00 
21.50 
17.00 
19.50 
68.50 


Overview or contact our Dorchester office 


SELF-ADHESIVE FRONT PANEL FOILS 


Article/Project* 


Universal NiCd battery charger 
Digital phase meter 

Variable AC power supply 

Timecode interface for slide controller 
Digital function generator 

4-Megabyte printer buffer 
Measurement amplifier 

CD player 

FM tuner 

4-Megabyte printer buffer insertion card 
LC meter 


Digital audio/visual system 


Guitar tuner 

NICAM decoder 

12VDC-to-240VAC inverter 

Audio DAC 

1.2GHz multifunction frequency meter 
U2400B NiCd battery charger 
Workbench PSU 

Inexpensive phase meter 

RMS AF voltmeter 


Issue 


6/91 
6/91 
6/91 
9/91 
10/91 
6/92 
2/92 
1/92 
(series) 
3/93 
3/92 
(series) 


6/92 
5/92 
7/92 
10/92 
12/92 
2/93 
4/93 
6/93 
12/93 


Order code 


900134-F 
910045-F 
900104-F 
910055-F 
910077-F 
910110-F 
910144-F 
910146-F 
920005-F 
920009-F 
920012-F 
920022-F 1 
920022-F2 
920022-F3 
920033-F 
920035-F 
920038-F 
920063-F 
920095-F 
920098-F 
930033-F 
930046-F 
930108-F 





Price 


(£) 
6.45 
11.75 
16.45 
8.80 
10.60 
11.45 
8.80 
12.05 
13.20 
8.25 
11.45 
10.00 
19.40 
28.80 
8.80 
8.25 
16.15 
10.00 
13.80 
8.75 
17.00 
17.25 
17.25 


(US$) 
12.90 
23.50 
32.90 
17.60 
21.20 
22.90 
17.60 
24.10 
26.40 
16.50 
22.90 
20.00 
38.80 
57.60 
17.60 
16.50 
32.30 
20.00 
27.60 
17.50 
34.00 
34.50 
34.50 


* For 1990 project front panel foils see the September 1993 Product Overview or contact our Dorchester office 
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READERS SERVICES 


Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send orders, 
except for subscriptions (for which see below), to Old 
Colony Sound Lab, Peterborough, whose full address 
is given on the order form opposite. Please include 
shipping cost according to total order value. For sur- 
face delivery in the USA, if order is less than $50, in- 
clude $3; $50+, $4. For Canada surface, if less than 
US$50, include US$5; US$50+, US$7.50. For air or 
other deliveries, please inquire. Please allow 4-6 
weeks for delivery. 

Ail other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.95; surface mail outside UK £2.45; Europe 
(airmail) £2.95; outside Europe (airmail) £3.70. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, Pashley Road, TICE- 
HURST TN5 7HE, England. For subscriptions, use 
the order form on the opposite page. Prices of past is- 
sues (except July/August and December), including 
postage for single copies, are £2.70 (UK and Eire); 
£3.00 (surface mai! outside UK); £3.20 (air mail 
Europe); £3.95 (airmail outside Europe). Prices of past 
July/August and December issues, including postage 
for single copies, are £3.75 (UK); £4.00 (surface mail 
outside UK); £4.25 (airmail Europe); and £5.00 (air- 
mail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.95 (UK and Eire), 
£2.10 (surface mail outside UK), £2.45 (airmail 
Europe), or £2.70 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial and administrative offices. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 


=10101 € 
For book availability, see advertisement on page 73. 


SHELF BOX 
Elektor Electronics shelf box ........... EO Ub. ni $6.00 


FRONT PANEL FOILS 


PROJECT No. Price Price 
(£) (US$) 

Timecode interface 910055-F 8.80 17.60 

Digital function 

generator 910077-F 10.60 21.20 

4-Megabyte printer 

buffer 910110-F 11.45 22.90 

FM tuner 920005-F 13.20 26.40 

4MB printer buffer card 920009-F 8.25 16.50 

LC meter 920012-F 11.45 22.90 

Guitar tuner 920033-F 8.80 17.60 

NICAM decoder 920035-F 8.25 16.50 

12VDC to 240VAC 

inverter 920038-F 16:15 32.30 

Audio DAC 920063-F 10.00 20.00 

Dig. audio/visual system 920022-F1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 

1.2 GHz multifunction 

frequency meter 920095-F 13.80 27.60 

U2400B NiCd battery 

charger 920098-F 8.75 17.50 


Workbench PSU 930033-F 17.00 34.00 
Inexpensive phase meter 930046-F 17.25 34.50 
Mini preamplifier 930106-F Not available 
AF rms voltmeter 930108-F 17.25 34.50 


EPROMS / PALS / MICROCONTROLLERS 


Amiga mouse/joystick 


switch (1 x GAL 16V8) 6001 8.25 16.50 
4-Megabyte printer buffer 

(1 x 2764) 6041 15.30 30.60 
8751 emulator 

incl. system disk (MSDOS) 6051 29.40 58.80 
Connect 4 (1 x 27C64) 6081 15.30 30.60 
EMONS1 (8051 assembler 

course) (1 x 27256+disk 1661) 6061 . 20.00 40.00 
EMONS1 (8051 assembler 

course) (1 x 27256+disk 1681) 6091 20.00 40.00 
FM tuner (1 x 270256) 6101 15.30 30.60 
Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 11.15 22.30 
Multi-purpose Z80 card: 

BIOS (1 x EPROM 27128) 6121 15.30 30.60 
1.2 GHz multifunction 

frequency meter(1 x 27C256) 6141 11.45 22.90 
Digital audio/visual system 

(1 x 27C256) 6171 10.30 20.60 
TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 
DiAV system. Package: 

1 x 27512; 2 x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 
PAL test pattern generator 

(1 x GAL 20V8-25) 6211 9.40 18.60 
80C535 assembler course 

(1 x EMON52 EPROM and 

1 x disk 1811) 6221 17.05 34.10 
Watt-hour meter (1 x 27256) 6241 10.00 20.00 
Four fold DAC (1 x GAL) 6251 10.75 21.50 
Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 
Telephone-controlled switch 

(1 x 2764) 6271 14.50 29.00 
Relative humidity meter 

(1 x 2764) 6301 14.50 29.00 
535 card w. EPROM emulator 

(1 x PAL; 1 x GAL) 6311 26.00 52.00 
Copybit eliminator (1 x GAL 

16V8 and 1 x MACH110) 6321 42.25 84.50 
RDS decoder (1 x 27C64) 6331 14.50 29.00 
I2C tester (1 x GAL 6001) 6341 30.75 61.50 
Mains signalling system 

(1 x 27C64) 6371 13.25 26.50 
8751 programmer (1 x 8751) 7061 46.40 92.80 
Microcontroller NiCd charger 

(1 x ST62E15) 7071 10.00 20.00 
Maxi micro clock (clock) 7081 11.50 23.00 
Maxi micro clock (darkroom timer) 7091 11.50 23.00 
Maxi micro clock (cooking timer) 7101 11.50 23.00 
Mini micro clock (clock) 7111 11.50 23.00 
Mini micro clock (darkroom timer) 7121 11.50 23.00 
Mini micro clock (cooking timer) 7131 11.50 23.00 
VHF/UHF TV tuner 

(1 x 87C51) 7141 25.75 51.50 
Microntroller-driven UART 

(1 x ST62T10) 7151 17.25 34.50 
PIC programmer 

(1 x PIC17C42 and 1 x disk) 7161 50.00 100.00 


DISKETTES 


Plotter driver (D. Sijtsma) 1541 11.15 22.30 
I/O interface for Atari 1571 7.65 15.30 
Tek/Intel file converter 1581 7.65 15.30 
B/W video digitizer 1591 11.15 22.30 
Timecode interface 1611 7.65 15.30 
RTC for Atari ST 1621 7.65 15.30 
24-bit colour extension 

for video digitizer 1631 11.15 22.30 
PC controlled weather 

station - 3 (supersedes 

disks 1551 and 1561) 1641 7.65 15.30 
8051/8032 Assembler course 

(IBM version) 1661 7.65 15.30 
8051/8032 Assembler 

course (Atari version) (3.5") 1681 7.65 15.30 
AD232 converter 1691 7.65 15.30 











GAL programmer (3 disks; 


upgrade: June 1993) 1701 11.15 22.30 
Multi-purpose 280 card 1711 7.65 15.30 
Fuzzy Control One 1721 7.75 15.50 
Pascal library for MMC 1751 9.70 19.40 
Speech/sound memory 1771 7.65 15.30 
PC-aided transistor tester 1781 7.50 15.00 
IR receiver and DTMF decoder 

for 80C32 SBC 1791 9.00 18.00 
80C535 assembler course 1811 8.80 17.60 
I2C opto/relay card 1821 7.65 15.30 
Video digitizer for PCs 1831 14.50 29.00 
GAL programmer for Amiga 1841 11.00 22.00 
I2C alphanumerical display 1851 8.50 17.00 
Philips preamplifier 1861 8.50 17.00 
GAL programmer (excl. Opal 

Jr. disks) 1881 10.75 21.50 
Precision clock for PCs 1871 8.50 17.00 
X2404-10-8751 interfacing 1891 8.50 17.00 
Mains signalling system 1911 9.75 19.50 
SIM — an 8051 simulator 1931 34.25 68.50 
80C535 SBC extension 1941 9.75 19.50 
80C535 SBC I?C display 946197-1 9.75 19.50 
Small loop antennas 1951 10.75 21.50 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
t sign are only available in combination with the as- 


sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 





FEBRUARY 1994 
80C535 single-board 


computer 924046 14.10 28.20 
Copybit eliminator 

incl. MACH and GAL 930098+ 46.25 92.50 
Mini preamplifier 930106 29.25 58.50 
Bidirectional RS232-to- 

Centronics converter 930134 14.00 28.00 


24 cm FM ATV transmitter PCB available from author 


MARCH 1994 

PIC programmer 

incl. software set 7161 940048+ 64.75 129.50 
100W AF amplifier 

- adaptor board 930039 8.25 16.50 
- amplifier board 920135-1 19.40 38.80 
- protection board 920135-2 7.95 15.90 
Mini I/O card for Casio 

FX850/880P 930090 Not available 


AF signa! tracer 940006 Not available 
Electronic fuse 936071 Not available 
APRIL 1994 

Mains signalling system - 1 

(receiver) 940021-1 10.25 20.50 
68HC11 processor board 930123 7.75 15.50 
RS232 speedometer 930119 Not available 
Stroboscope light 940022 Not available 
Headphones amplifier 940016 18.75 37.50 
Halogen light dimmer 940034 Not available 
RS232 interface for 

universal bus 924048 Not available 
MAY 1994 

Diffferential probe for 

oscilloscopes 940018 7.75 15.50 


Mains signalling system - 2 
(transmitter) (incl. disk 
1911 and EPROM 6371) 
Morse decoder 
General-pupose sensor 


940021-2+ 33.25 66.50 
contact Velleman distributor 


monitor 916107 Not available 
TV sound to light unit 936038 Not available 
JUNE 1994 

80C535 SBC extension 940025+ 19.75 39.50 
12C bus booster 940057 7.25 14.50 
RS485 interface 940035 6.25 12.50 
Fuel consumption monitor 940045 6.00 12.00 
Intelligent EPROM 

eraser 940058-1-MP 9.00 18.00 
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Please send this order form to * 6-94 
Elektor Electronics (Publishing) O R D E R FO R M 

P.O. Box 1414 VAT No.GB 454 135 463 
Mi die 
ENGLAND 

Tel. (0305) 250995 


Fax (0305) 250996 
Telephone Date 


Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and 
diskettes, state the part number and description; for books, state the full title; for photocopies of articles, 
state full name of article and month and year of publication. Please use block capitals. 















*USA and Canada residents only: use $ prices, and send 
order form to: 

Old Colony Sound Lab, P.O. Box 243, Peterborough, 
NH 03458. 

Tel. (603) 924-6371, 924-6526, Fax: (603) 924-9467 


Method of payment (see overleaf before ticking as appropriate) 
Note: cheques not made out in sterling must be increased by the equivalent of £15.00 


_J Bank draft Q Cheque (payable to Elektor Electronics Publishing) 
_J Giro transfer (our account no. 34 152 3801) 


.] Postal/money order 
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International Subscription Service 


Please enter my subscription to Elektor Electronics 
for LJ one year LÀ two years (tick as required) 
by U surface mail U airmail (tick as required). 
Method of payment (see overleaf before ticking as appropriate) 
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Send this form to 
Elektor Electronics, World Wide Subscription Service Ltd, Unit 4, Gibbs Reed Farm, 
Pashley Road, Ticehurst TN5 7HE, England 
6-94 (Registered in the UK under the Data Protection Act, 1984) 
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TERMS OF BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70, section I. 

Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to the card- 
holder’s address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor Electronics 
(Publishing). 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope, a 
National Giro transfer/deposit form. Do not send 
Giro transfers direct to us, as this will delay your 
order. 

If you live outside the UK, payment may 
also be made by Bankers’ sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder’s guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the 
time your order is received, must be increased 
by the equivalent of £15.00 to cover our bankers’ 
negotiating fee. 

If you pay by Bankers’ sterling draft, make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


Annual subscription rates (1994) 


TW8 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although every effort will be made to dispatch 
your order within 2-3 weeks from receipt of your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 1096 handling charge with 
a minimum charge of £2-50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our "Recorded Delivery" slip. 


CANCELLED ORDERS 


-All cancelled orders will be subject to a 10% 


handling charge with a minimum charge of 
£2.50. 


PATENTS 

Patent protection may exist in respect of circuits, 
devices, components, and soon, described in our 
books or magazines. Elektor Electronics (Publishing) 
do not accept responsibility or liability for fail- 


only may pay in $US cheques. 


ing to identify such patent or other protection. 


COPYRIGHT 
Alldrawings, photographs, articles, printed-cir- 
cuit boards, EPROMS, and cassettes published in 
our books or magazines (other than in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
any means, including photocopying and record- 
ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
writing. Such written permission must also be 
obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
boards may be produced for private and personal 
use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be 
liable in contract, tort, or otherwise, for any 
loss or damage suffered by the purchaser what- 
soever or howsoever arising out of, or in con- 
nexion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
shall be determined in all respects by the laws 
of England. 

May 1994 
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United Kingdom £27-00 
Rest of the world (surface mail) £33.00 
AIRMAIL 

Europe & Eire £34.00 
USA & Canada $57.00 
Middle East & North Africa £43-00 
Central & southern Africa £43-00 
Central & South America £43-00 
Australia & New Zealand £45-00 
Far East & South Pacific regions £45-00 


Payment may be made by cheque in sterling drawn 
on a London clearing bank (but see below), postal 
order, VISA, ACCESS, MASTERCARD Or EUROCARD (in which 
case the subscription must be sent to the cardholder’s ad- 
dress) or by direct transfer to our Giro Account no. 34 
152 3801. Do not send cash through the mail. Cheques 
and postal orders should be made payable to 'Elektor 
Electronics Publishing’. Giro transfers should be made by 
completing and sending the appropriate transfer/deposit 
form to the National Giro Centre (UK) or to your national 
Giro Centre. 

If you live outside the United Kingdom, payment may 
also be made by Bankers’ sterling draft drawn on a London 
clearing bank or Eurocheque. Eurocheques should be 
made out in pounds sterling and have the holder's guarantee 
card number written on the back. 


US dollar cheques. Subscribers in the USA and Canada 
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Thestandard subscription order period is twelve months. 
If a permanent change of address during your subscrip- 
tion period means that copies have to be dispatched by a 
more expensive service, no extra charge will be made. 
Similarly, no refund will be made, nor expiry date extended, 
if a change of address allows the use of a cheaper service. 


Student applications, which qualify for a 1096 (ten per 
cent) reduction in current rates, must be supported by ev- 
idence of studentship signed by the head of the college, 
school or university faculty. 


Please note that new subscriptions take about four weeks 
from receipt of order to become effective. 


Cancelled subscriptions will be subject to a charge of 
25% (twenty-five per cent) of the full subscription price or 
£7.50, whichever is the higher, plus the cost of any issues 
already dispatched. Subscriptions cannot be cancelled after 
they have run for six months or more. 


Our bankers are National Westminster Bank PLC, Sorting 
Code 60-03-23, 100 High Street, Brentford TW8 8AY, 
England. Our account number 1s 4285 0134. 


May 1994 
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Books from Elektor Electronics (Publishing) 


The following books are currently available: 


301 Circuits 

302 Circuits 

303 Circuits 

304 Circuits 

305 Circuits (published in April 1994) 
SMT Projects 

Microprocessor Data Book 
Data Sheet Book 2 

Data Book 3: Peripheral Chips 
Data Book 4: Peripheral Chips 
Data Book 5: Application Notes 


How to order: 

UK and Overseas private customers (NOT 
in USA and Canada) from: 

Elektor Electronics (Publishing) 

PO Box 1414 Dorchester, England DT2 8 YH 
Telephone (0305) 250 995 

Fax: (0305) 250 996 


UK and Overseas bookshops, schools, 
colleges, universities and bulk orders 


SWITCHBOARD 





FREELANCE ENGINEERS team leader re- 
quired. Contact NTP, 1 Mid Brae, Mount 
Melville, St. Andrews, Fife KY16 8NT. 


WANTED AT bios information of any kind; also 
AT boards 386, etc. not working. Cash paid. Phone 
(0268) 524 968. 


FORSALE. Toroidal mainstransformer, 504-50 V, 
6.25 A sec. ILP no. 93033, £20. Phone 
Northampton (0604) 710 268. 


WANTED manuals, software, info on Cifer 
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£9.95 

CHE? 
£10-95 
£12-95 
£14-95 
£ 9.95 
£10-95 

£9.95 
£10-95 
£10-95 
£10-95 


$14.50 
$14.50 
$17.90 
$23.95 
$27.70 
$14.50 
$19.90 
$18.50 
$19.95 
$19.95 
$19.95 


(NOT in USA and Canada) from: 
Gazelle Book Services Ltd 

Falcon House, Queen Square, Lancaster, 
England LAI IRN 

Telephone (0524) 68765 

Fax: (0524) 63232 


USA and Canada ONLY from: 
Old Colony Sound - please see order form 
on page 71 for details 





1800 range of CP/M computers. Please call 
(0283) 34678 after 7 p.m. 


FOR SALE Telequipment oscilloscope, full 
working order, single beam, 10 MHz, 10 mV, 
TV trig., ext. Y calibrator. £60. Phone (0438) 
729 054. 


WANTED 7he Eternal Summer by A. Baker, 
published by Collins. Write or phone Petrie, 54 
Clober Road, Milngavie G62 7SR. Tellephone 
041 956 1041. 


FOR SALE Harry Moss remote car alarm 
MS705 circuit dia. £7. Send PO. or cheque to 
G. Smith, 83 Avenue Vivian, Fence Houses, 
Houghton le Spring DH6 6HZ. 


HELP. Urgently need circuit plan for Hillspin 4 
ch.STLcontroller. Write to A. Hall, 19, Newark 
Drive, Pollokshields, Glasgow G41 4QB. 


FOR SALE Fluke 8060A multimeter c/w cali- 
bration certificaate. £100. Also, FG3 LFP1 
function generators £50 each. Call Mark on (0274) 
871 571. 


WANTED data onCT5002 and MM5456 clock 
chips. Write to M. Hooker, 59 Thornton Place, 
Horley, Surrey HHG 8RZ. 


FOR SALE. NiCd batteries 4AA cells, £3;D cell 
£3; 6 V, 280 mAh £2.50. Ex equipt. Tested OK. 
Phone 081 954 2055. 


WANTED Indesys pin-desk IBM/FM and sat- 
ellite data receivers circuits, ST-189. Write to 


VOUCHER 


This voucher (original only; no photo- 
copies accepted) entitles the holder to 
71/596 discount on the purchase price of 


any Elektor Electronics book listed in 
the adjacent box. Two vouchers qualify 
for 15% discount and three for 30%. 
Vouchers were also included in the 
April and May 1994 issues 





J. Navarro, Lerida 3, Madrid 28020, Spain. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 
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Name and address MUST be given 





ELEKTOR ELECTRONICS is available from, among others: 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 
Telephone 081 450 0995 

Fax 081 208 1441 


THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 


GREENWELD 
27 Park Road 
Southampton SO] 3TB 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 


Advertising Standards Authority 
Badger Boards 

B K Electronics 

Bull Electrical 

Canal Bridge Audio 

Cirkit Distribution 
Cricklewood Electronics 
Display Electronics 
Elektor Electronics 

ESR Electronic Components 
Eurocom Internationa] Ltd 
Hitex (UK) Ltd 

Instrutek (UK) 

KMN Developments 
Labcenter 

Maplin Electronic Supplies 
MicroAmps 

MMG Neosid 

Morrison Micros 

Number One Systems Ltd 
Pico Technology Ltd 
POWER ware 

Robinson Marshall 

SigCad 

Speaker Builder 

Stewart of Reading 

suma Designs 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 


77 Lower Bristol Road, Bath, 


Avon, Telephone 0225 
424811 


D.P. HOBBS (NORWICH) 
LTD 

Electronic component 

specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 

Telephone 0603 615786 


MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 


OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 2611 


AAGE NIELSEN 
1 Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 


HELMHOLT ELEKTRONIK 
Farvevej 2 
DK-7600 Struer, Denmark 
Telephone 97 85 26 11 


RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 


VEJLE RC ELERTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 


BEBEK ELECTRONICS 
Hirsimetsantie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 
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Ultimate Technology 
Viewcom Electronics 
Vitek Enterprise 


TABACCARIA BRITANICA 
Praca do Duque da 
Terceira 19 
1107 Lisboa, Portugal 
Telephone 932 4752 


MK KNJIGARNA 
Slovenska 29 
Ljubljana 
Slovenia 
Telephone 061 150 196 
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MAGAZINES 
289-299 Swanston Street 
Melbourne, Australia 3000 
Telephone 663 3951 


INEL Co. 
P.O. Box 1397 
JL. Hariang Banga No. 3 
Bandung 40116 
Indonesia 


47 

Inside back cover 
12, 13 

25 


ADVERTISING SPACE 
for the July/August 1994 issue may be reserved 
not later than Thursday 19 May 1994 by 


Elektor Electronics (Publishing) 
Advertisement Office 
3 Crescent Terrace 
Cheltenham GL50 3PE 
England 
Telephone (0242) 510 760 
Fax (0242) 226 626 


to whom all correspondence, copy instructions 
and artwork should be addressed. 
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FROM CONCEPT TO ARTWORK IN 1 DAY 


ULTlboard, one of the leading PC based 
design systems, is suplied worldwide via a 
network of ULTImate Technology offices 
and distributors. ULTlboard's success in 
the professional design community is 
primarily due to its superior interactive 
functionality. 


































ee ees Real Time Placement Aids, Real Time 
Design Rule Check, Trace Reroute While 
Move and Trace shove, are all features 
wich will dramatically reduce your design 


time. 


Intergration with ULTicap guarantees 
smooth data flow between Schematic and 
PCB editing and the inclusion of third party 
netlist interfaces ensures UlTlboard will fit 
into any design environment. 


Another of ULTimate Technology's 
strengths is our flexible growth path. 
Users may start with a low cost ULTlboard 
Challenger Lite and grow, step by step, to 
fil a A mo - a 32-bit Advanced system with Ripup and 
ai P : Retry Autorouting and Digital Simulation. 





ULTImate Technonlogy also looks after 
existing users, providing they have valid 
mainenance subscriptions they will be 
upgraded to a new system based on their 
original investment. For instance, a 1987 
ULTIboard-DOSsystem has now been 
upgraded to a 32-bit 
Advaced system with 
Windows compliance and 2 
Autorouters. 


ULTimate Technology not 
only adds value to your 
investment in a ULTIboard 
system but backs it up 
with the highest quality 
support from our 
distributors and offices. 


| 


Your design ideas are quickly 
captured using the ULTicap 
schematic design Tool. ULTIcap 
uses REAL-TIME checks to prevent 
logic errors. Schematic editing is 
painless; simply click your start and 
end points and ULTicap 
automatically wires them for you. More than 
ULTIcap's auto snap to pin and auto 10.000 
junction features ensure your netlist —€———— 
is complete, thereby relieving you of Users 
tedious netlist checking. 
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ULTIshell, the integrated user ULTIboard's autorouter allows you 
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interface, makes sure all your design 
information is transferred correctly 
from ULTicap to ULTlboard. Good 
manual placement tools are vital to 
the progress of your design, 


RATS NEST RECONNECT and 
DENSITY HISTOGRAMS. Pin and 
gate swapping allows you to further 
optimise your layout. 


Now you can quickly route your 
critical tracks. ULTiboard's 
REAL-TIME DESIGN RULE CHECK 
will not allow you to make illegal 
connections or violate your design 
rules. ULTIboard's powerful TRACE 
SHOVE, and 
REROUTE-WHILE-MOVE algorithms 
guarantee that any manual track 
editing is flawless. Blind and buried 
vias and surface mount designs are 
fully supported. 


If you need partial ground planes, 
then with the Dos extended board 
systems you can automatically 
create copper polygons simply by 
drawing the outline. The polygon is 
then filled with copper of the 
desired net, all correct pins are 
connected to the polygon with 
thermal relief connections and user 
defined gaps are respected around 
all other pads and tracks. 
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to control which parts of your board 
are autorouted, either selected 
nets, or a component, or a window 
of the board, or the whole board. 
ULTIboard's intelligent router uses 


number of vias to decrease 
production costs. The autorouter 
will handle up to 32 layers, as well 
as single sided routing. 


ULTl board's backannotation 
automatically updates your ULTicap 
schematic with any pin and gate 


dÄ swaps or component renumbering. 





Finally, your design is post 
processed to generate pen / 
photo plots, dot matrix/laser or 
postscript prints and custom 
drill files. 





therefore ULTiboard gives you a pe Santo > copper sharing techniques to Corporate Headquarters: 

powerful suite of REAL-TIME E E dea TE? minimise route lengths. Automatic : | 

functions such as, FORCE VECTORS, Wace E via minimisation reduces the Energiestraat 38.* 1411 AT Naarden 
=> The Netherlands 


tel.: (+31) 2159 - 44444 
fax: (+31) 2159 - 43345 


UK/Ireland Sales-Office: 

2 Bacchus House * Calleva Park 
Aldermaston Berkshire e RG7 40W 
tel.: 0734 - 812030 © fax: 0734 - 815323 


TTE TISSUE PRODUCTIVITY 


e ULTIcap Schematics-& ULTIboard PCB-Design 

* DOS-Version with 500 Pin Design capacity 

* 100% Compatible with 32-bit Versions 

* 450 page manual PLUS full color tutorial 

* Technical Support, Updates possible 

Growth path' to 32-bit without loss of investment 


excl. shipping/handling, VAT/ Sales tax E 295 


Recession-proof price 





Also available is a full function (as described above, with a 350 pin design capacity)Evaluation System for only £ 75 excl shipping/handling, VAT/Sales). 
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ity Assurance 
RS12750 


Level B 


BS 5750 
Part 2 1987 


Qual 


Over 700 colour packed pages with hundreds 


ICES, 


of brand New Products at Super Low Pr 






on sale now, only £2.95. 


